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INTR ODBC TI Oil
This study is undertaken to develop a theory to be used
In determining the location of wheat storage facilities. In
recent years there has been a great inorease in demand for
such storage facilities. There has been a difference in em-
phasis placed on where storage facilities should be located.
Examples of this difference may be found by comparing recent
public statements on grain storage and storage problems.
In May 1950, the Farm Credit Administration in cooper-
ation with the Oklahoma Agricultural Experiment Station
published the results of research on the economics of grain
storage. 1 A major conclusion based upon this study was that
farmers oannot afford to store wheat on the farm if conmercial
storage facilities are available.2
Now compare the above with a statement made by Mp. Emmet
Womer, of the Kansas Production and Marketing Administration.
He states that more farm storage Is needed to handle the Kansas
wheat crop. According to Mr. Womer, "An increasing need for
considerably more farm storage exists largely as the result of
Hall, Thomas and others. '.'here and How :,;uch Cash Grain
Storage for Oklahoma Farmers , FaJfa (JreoTE EcETihis tratlo'n
bulletln~5S, Iky 19<cO~
^Quoted directly the conlusion is, "The average Okla-
homa farmer cannot afford to use farm storage for his cash
grain—even in facilities he now owns—when elevator storage
is available through a nearby shipping point." Ibid., p. 47.
large grain crops and a sharp downward trend In some grain
exports. . . Another factor necessitating more farm storage
facilities Is the increasingly greater opportunity for abun-
dant crop production, resulting from wider use of soil con-
servation measures. Improved seed varieties, better Insect
control, and labor saving machinery."
These statements illustrate that there is a considerable
difference In emphasis on locating grain storage facilities.
One agency of the United States Department of Agriculture
indicates that farm storage of wheat is most desirable where-
as another agency of the same federal department Indicates
non-farm storage to be most desirable. These differences in
expressed opinion Indicate that either one side or the other
is in error—or perhaps neither has fully considered all
aspects of the problem of the location of grain storage facil-
ities.
It is logical to assume, therefore, that an analysis of
the economics of grain storage location would be a helpful
guide to those concerned with the construction of new storage
facilities. This 3tudy is a step In that analysis. It begins
by providing a theoretical frame of reference for studying the
problems involved. Following this, a plan is proposed to be
^.Voaer, Emmet, Kansas State Committee of the Production
and Marketing Administration, November 28, 1950. See also
The Northwestern '.Tiller , !&rch 20, 1951 for a similar statement
by Cnarj.es F. Brannan, secretary of agriculture for the Wilted
States.
used in determining the amount of storage capacity needed at
various locations and is tested with available data.
REVIEW OF LITERATURE
History of Storage
Storage of grain has been an Important practice all
through history. Among the earliest civilizations to make
special recognition of the grain storage problem was the
Peruvian Inca civilization. They had storehouses constructed
of stone which were of large capacity.* Another early grain
storage project is recorded in the Holy Bible. ® This con-
cerned the storage of excess grains In ancient Bgypt in prep-
aration for distribution during the years of famine.
The most elaborate of the ancient warehouse systems was
developed In ancient China. Under an early set of rules
laid down by Li K»a, an ancient ruler, the government acted
as an equalizing force by buying and storing excess grain
from good crops and selling it to the people in seasons of
famine.
A
Preacott, W.H., Conquest of Peru - Book I, Hew York,
American Publishing Corporation., pp. 59-61. 1881.
SThe Holy Bible; Oenesls 41:48.
The plan was advocated for the following reasons: (1)
Farmers are short-sighted and will not store grain. (2)
Farmers are helpless to protest themselves against 7lolent
price fluctuations. (3) 3raln is the commodity with the
greatest influence on human lives, (4) Agriculture is sub-
ject to nature and mny not follow supply and demand.
There were, however, several weaknesses inherent in the
system which caused it to be ineffective in spite of these
arguments in its favor: (1) There was no reliable source
of funds with which to buy the excess production; (2) The
administrative officials didn't know the 'just' price which
should be paid; (3) There was too much expense and delay
involved in administering the warehouses, and purchases.
(4) The officials were often reluctant to part with grain In
minor famines for it wasn't known what the next year would
bring. (5) "During an emergency when the grain is necessarily
Issued, it has become dust and dirt which cannot be eaten". 6
The literature of the Middle Ages, mercantilism, and the
early industrial era carries only general references to stor-
age of grain, and the problems related to it. Most of the
efforts were concerned with price problems during panic and
famine years. In these times special distribution was the
problem rather than temporal distribution.
6Chen, Huan-Chang. The aconomlc Principles of Confucius .
Vol. 45, New York: Longmans, Green and Co., 1911.
The grain trade in Prance is typical of this period.
Lack of communication and transportation, coupled with the
absence of any sort of organized wholesale markets, kept the
trade highly disorganized. Storage seems to have been more
generally located on the farms and in the villages. Land-
lords and local merchants kept grain for long periods. "Much
grain wa3 stored by landlords as their receipts of rent In
kind. There is no effort to find a market. The landlord waits
patiently year after year till the merchants come to buy."7
Storage as a Plarketlng Function
A numbor of writers on marketing have analyzed the
commercial motives involved in the storage of grain and the
functions of storage in the marketing organization. One of
these was John T. Horner, who listed two reasons why storage
was necessary. 8 The first is seasonality of production, and
the steady nature of consumption; the second is the time
required for marketing. Due to these factors there is a time-
lag between production and consumption which must be filled
by the U3e of storage. Yfaile the product is in storage there
are a number of functions which must be performed if storage
is to be effective:
'Usher, Abbott Paysonj The K Is tory of tto Grain Trade in
France , harvard Economic StucTTes; Harvard "TnTtrersity Press"
Cambridge, !.!ass. 1913, p. 77.
°Ilorner, John T| Agricultural Marke ting. John Vjiley and
Sons, Inc. New York: lyaB. pp. 4y-b87—— a
1. Storage must protect quality of the product.
2. Storage develops the qualit; of the product.
5. Storage allows the movement of goods in large
quantities.
4. Storage makes the shifting of risk possible.
5. Storage aids in financing the ownership of the
product.
6. Storage broadens the market fa* the product.
7. Storage regulates the flow to market and decreases
price fluctuations.
Many of the same ideas are presented by Fred S. Clark
in his book, Principles of Marketing . 9 Storage is called
the second function of physical supply. Time and place
utility of goods are indicated as Important storage consider-
ations.
Two reasons for storage are stated by Mr. Clark. First,
short-time storage i3 necessary to correct temporary condi-
tions of price or transportation emergency. Second, adjust-
ment of supply and demand is necessary for products which
are produced seasonally.
There are live points listed as 'the nature of storage
service' which are as follows:
1. Stocks must be cared for properly.
2. Stocks must be stored at convenient points.
in selecting this point, there are four conditions
9Clark, Fred E., Principles of iJarketlng, Hew York, The
Macmillan Co., 1942., p. 315-316.
which must be mat.
a. The Interests of producers, middlemen,
processors, and consumers are all Important.
to. Stocks need to toe near financial
agencies which are able to supply funds for
investment in them.
c. Inspection and supervision can toe
more effectively accomplished on a large
scale.
d. Storage should toe located where
merchants who touy in large quantities are
congregated.
3. Stocks must be financed while in storage.
4. Storage must toe controlled in order to pro-
tect the interests of all parties involved.
5. Storage has an important effect on prices. 10
Literature on Storage and Putollc Policy
One of the most extensive -rain storage programs of
modern times was initiated under the ever-normal granary
of the Agricultural Adjustment Act and related programs.
This was administered by the United States Department of
Agriculture of which Mr. nenry A. ftallace was then Secre-
tary. The storage of grain, according to Mr. Wallace, was
part of a five-point governmental policy which should toe
fundamental to a permanent program of farm legislation.
These points were outlined by Henry H. Wallace as
follows:
1. Farmers are entitled to their fair share
of the national income.
10
Ibld
., p. 316.
2. Consumers should be afforded protection
against drouth, floods, and pestilence which cause
abnormally high prices. Storage of reserve supplies
from years of large crops for use in time of crop
failure will accomplish this.
3. If consumers are given the protection of
such an ever-normal granary plan, farmers should
be safe-guarded against undue price declines by
a system of loans supplementing their national
soil conservation program.
4. Control of agricultural surpluses above
the ever-normal supply is necessary to safeguard
the nation's Investment in loans, and to protect
farmers against price collapse due to bumper yields
which provide production beyond all domestic and
foreign needs.
5. The present Soil Conservation Act should be
continued, its operation simplified, and provision
made for reduced payments to large operators on a
graduate scale to promote the interest of the in-
dependent farmer.^
While the main points of this program are based on price
supports and control of production, there is a basic assump-
tion that surplus agricultural commodities, such as wheat
and com, can be stored and kept off the market for an
indefinite period. It is also assumed that these commod-
ities can be moved painlessly back into the normal market
channels when the lean years arrive.
One of the most recent writers on the subject of grain
storage is Geoffrey Shepherd. He discusses "the objectives,
uses, and costs of feed grain storage" in the November 1949
"Henry Kallaoe Explains the Ever-normal Granary",
Literary Digest, Volume 124:13-15; November 20, 1937.
Issue of the Journal of Farm Economies .-*-2 The problem may
be somewhat different for feed grains, nevertheless his
discussion of objectives can safely be applied generally
to all grains.
First, he discusses the ability of a storage program to
protect and increase farm prices. It was pointed out that
this objective is not valid because grain will, in the
long run, tend to depress farm prices when removed from
storage about the same amount at It raised them when it
went into storage. Thus, a program to reduce production
Is the only type which can raise prices over the long run.
Second, the objective of stabilizing farm prices Is
examined. Mr. Shepherd argue* that storage should not be
used to stabilize prices against variations in demand.
Such variations are unpredictable; their intensity is vari-
able; their duration la variable; and it is not possible
to calculate in advance how much grain will need to be
stored. Prom the social point of view such storage would
have a bad effect on low Income group* during depression
periods. If storage is used to raise prices It would lead
to the paradox of starvation in the midst of plenty.
A storage plan would be able to achieve the stabili-
zation of prices against the effects of variation in supply.
12Shepherd, Geoffrey. "The Objectives, Sffects, and
Costs of Feed Grain Storage", Journal of Farm Economics ;
Volume 31, November, 1949.
10
It can put the excess stocks Into storage In years of
large crops, and take them out In years of small crops.
According to Mr. Shepherd's analysis, this goal can be
achieved. However, difficulty would arise If production
were consistently above consumption.
A more complete analysis of storage theory and
motives of storage Is discusses by D. Gale Johnson in his
book, "Foreward Prices in Agriculture". These motives
are considered first In the light of private storage, and
the same points are viewed from the public storage view-
point. The first consideration is called the convenience
motive. Such practices as the buying of large stocks of
wheat for milling, and the holding of wheat on the farm
until a more convenient marketing date, are examples.
The second motive for holding stocks is labeled the
contingency motive. An example of this type is the hold-
ing of a reserve supply in case of an unforeseen financial
reverse which may warrant the need for ready cash.
The third motive is the speculative one. Stocks may
be increased if a price rise is anticipated and vice versa.
This is quite important in stimulating private storage, but
is not very significant in controlling excessive marketing
volume during periods of very low prices. The speculative
motive is the only one of the three that could be considered
as capable of affording incentive enough to level consumption,
and to reduce production in the face of a prospective price
decline.
11
Kxperlence has Indicated that reduction of production
and leveling of consumption are not achieved by private
speculative holding of grain. It is often argued that
farm production remains high through periods of low price
due to inflexible production oosts. This is an important
factor, hut Johnson feels that there are also other factors
which make it difficult for farmers to reduce marketing
and production. The first of these is the nature of price
anticipation on the part of farmers, the second is the
nature of the capital market, and the third is the insecure
financial position of most farmers which causes inability
to make adjustments by storing grains. Regarding these
points, the farmer sees no Incentive to store if he antic-
ipates a prolonged low price, and the lack of reserve
funds and inadequate financing prohibits farmers from stor-
ing for the relatively short periods needed to over-ride
a short-time price decline.
When storage is considered from the public viewpoint
the same motives are in force. According to Mr. Johnson,
the convenience motive will have much the same role as in
private storage. The effects of the other two, contingency
and speculation, will be different. "In public storage
policy the speculative element will be based wholly upon
changes In supply, except as the slow, moderate, long-run
changes In demand are taken into consideration.'1 This is
13Johnson, Gale; Foreward .'rices in Agriculture , Chicago
The University of Chicaco Press, 1947.
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different from the profit-taking motive of private specu-
lation, and allows the holding of grain stocks in the face
of short-run declines in price.
The contingency value is not widely considered in
private storage, whereas this factor can have strong in-
fluence when considered as part of a wisely administered
public storage program. Increased stability of livestock
feeding is cited as one of the principle gains from the
stability of stocks through storage. Stockmen are more
likely to start a long-time business if they are certain
of the availability of feed grains.
"The amount of storage when expectations are uncertain
depends upon the marginal gain from stocks and the marginal
cost of storage." 14 The marginal gain from storage was
considered by Johnson as the "increase in total satisfac-
tion derived by stabilizing the consumption of a given
supply of goods in time."15 The marginal cost of storage
would need to be based on the past pattern of output for
the crop. Prom this series an average storage period could
be computed and the marginal cost of storage calculated for
the average period.
Resource costs such as interest on funds invested,
depreciation, and deterioration charges should be included
14Ibld ., o. 165.
lon>ia.. p. 165.
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in storage costs. However, for purposes of analysis,
changes in monetary values of stocks are assumed by
Johnson to have no effect.
The location of storage atocks are considered briefly
by Johnson. "In general, the largest stocks should be
carried in the heaviest producing areas."16 Other consider-
ations and costs, the regional distribution of crops, and
relative amount of fluctuations in production in different
areas. It is suggested that the Great Plains states would
gain a great deal of stability if wheat storage capacity
was expanded. More livestock feeding is advocated for
stability of agrloulture, and the wide fluctuations in
grain production of this region make expanded storage
essential if livestock feeding is to become a permanent
part of the economy.
One of the most recent publications on wheat storage
la a bulletin for Oklahoma farmers published in May, 1950.
In this bulletin were published the results of a survey
of storage needs for Oklahoma farmers.
The conclusions of the bulletin indicate that the
coats of using farm storage are greater than the cost of
using elevator storage. Thus if storage is available at
elevators the farmer cannot afford to use farm storage.
16Ibld .. p. 165.
14
On the other hand, storage facilities of a permanent
nature should not be built in excess of the capacity needed
for average storage requirements. This indicates that
there is the possibility that farmers will have to provide
some of their own storage in years of larger than average
17
crops.
METHODS OF PROCEDURE
In this study the theory of grain storage location was
developed by deductive analysis. The theory was applied
to wheat, and a model developed which includes the deter-
mination of the variable factors which act to determine
the total supply of wheat which should be stored. These
factors are presented in a series of implicit equations to
establish their relationship to the total supply of wheat.
The supply of wheat for storage was then allocated
among three storage locations—terminal, country elevator,
and farm. The allocation was made according to the relation-
ship of the three storage locations to the fundamental
factors of production variability and the performance of
storage services. On the basis of these two factors, the
relative contributions of the different storage points was
determined.
17Hall, Thomas and others, 0£. clt ., p. 47.
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The decision on the portion of the wheat crop which
should be stored at each location is presented in a series
of implicit equations. These equations are presented first
in this form to show the relationships which exist as
determined by deduction. The equations are then applied to
the best secondary data available.
FACTORS WHICH AFFSCT WHEAT STGRAOE IBHM
The general outline for the tot»l amount of wheat
storage space needed is presented in Figs. 1 and 2. The
factors which determine the total supply of wheat to be
stored are traced in Fig. 1, and the allocation of the
total supply of wheat to the different storage locations
is traced In Fig. 2.
Total Supply of Wheat
Referring first to Fig. 1, let Y be the total supply
of wheat; let C be the total annual average carryover; and
let A be the normal crop. Then the equation for the total
annual supply of wheat becomes: 18
Imports of wheat into the United States were not con-
sidered for the following reasons: (1) The United States is
usually a net exporter. (2) The united States imports most
wheat in seasons when the production peak is past.
16
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(i) y = a + c.
The annual average carryover (C) ia made up of two
terras representing different lota of wheat. As shown in
Pig. 1 these are off-farm carryover (G\) and, farm carry-
over (C2 ). Thus the equation for total average carryover
is:
(2) 0=0^+ C 2 .
The absolute value of C^ is dependent upon the follow-
ing group of independent variables. Let X^ be the psycho-
logical expectations concerning the future; let X2 be the
siz3 of the old crop; let X, be the government policy
affecting wheat storage; let X4 be the other economic factors;
let Xc be the storage services; and let f be the functional
relationship among these variable factors. Then the
equation for off-farm carryover 1st
(3) C^ = f (X^,X2,X3,X4,X5).
The absolute value of C2 is dependent upon the same
group of variables as those aifecting C\ with the addition
of the farm needs for wheat. Let N be the farm needs for
wheat. Then the equation for farm carryover is:
(4) C2 = f(X1 ,X2 ,X3,X4,X5,K).
The norriial crop . The normal crop (A) is made up of
two terms representing different sets of influences. As
shown in Fig. 1 these are the physical factors (?) and the
economic factors (F). Thus the equation for the normal
crop is:
(5) A = f(P,F).
18
The absolute value of P is dependent upon two independ-
ent variables. These are production variability (V) and the
effects of technology on whee.t production. Let X6 be the
effect of technology. Then the equation for the physical
factors acting on the normal crop is:
(6) P=f{V,Xg).
The absolute value of P is dependent upon many of the
same variables which affect C^ and Cg. These are X1#X3 , and
X4 . In addition, there are two other variables which affect
the value of F. These are the inelasticity of production,
and the demand for wheat. Let Xy be the inelasticity of
of production, and Xg be the demand for wheat. Then the
equation for the economic factors affecting the normal crop
is:
(7) P= f(X1,x3 ,A4,X7 ,X8 ).
The total supply of wheat can be determined with the
series of equations defined above and outlined in Fig. 1.
They are listed below as follows:
(1) Ye A+ C.
(2) C = 6i+ C2 .
(3) C^ f{X1,X8>Z3tX4<JL8).
(4) C2 = fUx.Xg.Xjs.X^Xs.a).
(5) A • f(P,F).
(6) t = ftV.Ag).
(7) F - fUi.^./^.^.Xe).
19
Total Storage Space
Referring now to Fig. 2, let S be the total storage
space required for wheat. This Is equal to the total supply
of wheat (Y) as determined In Pig. 1; hence:
(1) Y= S. 19
Let r be the terminal storage capacity; let E be the
country elevator storage capacity; and let be the farm
storage capacity. Then the equation for total storage space
required for wheat 1b t
(2) S = T + E + o.
Terminal capacity . Terminal storage capacity (T) is
determined by two quantities. One is the harvest movement
of wheat to the terminals, and the other is the off-farm
carryover of wheat. 2° Let H be this harvest movement of
wheat to the terminals and C^ be the off-farm carryover.
Then terminal capacity is:
(3) T = H+- B1.
"The value of S Includes some farm storage of a dual-
purpose nature which is temporary only as far as wheat stor-
age use is concerned.
20The value of H may need to include wheat which moves
out of temporary farm storage to terminals during the first
few months after harvest. This should be considered In the
application of the equations to actual conditions. The
assumption used here is useful as a first approximation,
and is applicable to the available data.
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Country Elevator Capacity . The country elevator
storage capacity (E) Is determined by three different fact-
ors. Let A he the normal crop; let K be the farm needs for
wheat which will stay on the farm; and let R be the ratio
21
of annual volume of wheat handled to total storage capacity.
Then the country elevator equation becomes
s
(4) Is R(A— H).
Farm Storage Capacity . The farm storage equation is
determined by four factors which have been defined previous-
ly. These are the normal crop (A); the size of the harvest
movement to terminals (H); the amount of country elevator
space (£); and the farm carryover (02). The equation for
farm storage capacity Is:
(5) 0= (A+ C2)- (H + E).
The total supply of wheat can thus be allocated to the
different locations by using the equations given above and
outlined In Pig. 2. They are listed below as follows
l
(1) Y=3.
(2) S = T + 3 + 0.
(3) T=IH-C!.
(4) E=R(A-N).
(5) 0= (A+ Cg) - (H + 3).
The two groups of equations which have been presented
In this section are the basis of the wheat storage theory.
on
The size of R may be affected by varying costs of
storage and the amount of wheat available for storage In the
country elevator.
The symbols assigned In this section will be used throughout
the remainder of the treatise when reference is made to
any of the factors which have been defined in the preceding
discussion. t
DEFINITION OF THE MAJOR STORAGE LOCATIONS
Terminal storage is that storage apace which specializes
In the secondary storage of wheat. The word 'secondary'
indicates that the bulk of the wheat is not moved directly
from the farm, but has passed through a country elevator.
The interior collection points, commonly known as subterm-
inals, are included in the terminal category if they are
situated so that they normally receive wheat in large quanti-
ties from an area of at least several counties in size.
The country elevator Is a storage facility which
specializes in receiving wheat from farmers, in concentra-
tion or assembly of this wheat into carload lots, and in the
resale or shipment of this wheat without processing. Country
elevator storage includes, o* course, all storage space which
is located at country elevators.
Farm storage is that storage facility which is the
property of the farm operator or the farm owner. This stor-
age must be located either on the farm or at such a point
that shipment to the terminal is possible only by loading the
wheat with the facilities of a country elevator or a similar
23
arrangement. Farm storage Includes all types of permanent
and semi-permanent facilities which are used to store wheat.
DETERMIHIHG THE STORAGE CAPACITY FOR WHEAT
At the Terminal
The terminal elevator location (T) is best adapted to
handling the bulk of off-farm carryover (C^) because of its
superior ability to perform the storage services. In addition,
the terminal Is the least affected by local variations in
production.
The top limit on terminal storage capacity is determined
by the amount of wheat which the transportation system is
able to move to the terminals during the harvest rush. This
limit (H) is imposed since the wheat which cannot move to
terminal storage during this period must have local storage
which Is adequate to maintain the quality of the grain. There-
fore this wheat does not need terminal space until some of
the terminally stored wheat Is moved into consumption channels.
Therefore, the equation for total amount of storage
capacity needed at the terminal is:
i'= C]_+ H.
24
At the Country Elevator
Due to their location, country elevators will handle
all of the whoat crop which la marketed through commercial
channels with the exception of a minor portion which is
delievered by truck dlroctly to flour mills or terminal stor-
age. Thus, the problem of determining the proper amount of
storage space at the country elevator is a matter of deter-
mining the most effective ratio of total storage capacity to
op
total annual volume of wheat handled. This ratio (H) la
a key factor in finding the efficient size for the country
elevator storage unit.
The aggregate volume of wheat marketed through the
country alevator can he found by subtracting the average
farm needs (I) for feed on or near the farm where produced,
seed, and home use from the long-time average crop (A).
Thus the volume of wheat marketed through the country elevator
can be stated as being equal to (A — H). Since the elevator
must have an adequate annual turnover; the total country ele-
vator capacity can be determined by the equation:
g= R(A - K).
o2rhe annual ratio of total sales to capacity, the amount
of wheat held in country elevator storage, and the length of
the storage period for such wheat would affect the optimum
size of R. There may also be differences in costs of operating
different elevators which would be a factor in determining
the size of R.
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On the Farm
The storage space on the farm (0) must be sufficient
to meet the average farm needs (H) and the farm carryover
(C2). fha farmer will also need to provide space for that
portion of the average wheat crop which cannot be moved
from the farm during the harvest season. 23 This will be
equal to the average crop (A) plus the average farm carry-
over (C2) minus the harvest movement of wheat to terminals
(H), and the capacity of the country elevator {?-) . Thus
the equation for farm storage capacity is:
= (C2 + A) — (H+ B).
RELATION BETWEEN TRANSPORTATION AND STORAGE
The top limit on terminal storage capacity tends to
be set by the ability of the transportation system to move
the wheat during harvest.
Disregarding for the moment other influences
on the capacity required, the grain that can be
moved from country elevator to sub-terminal or term-
inal elevator during the harvest season would tend
to put a top limit on the capacity needed at sub-
terminal or terminal positions. 2^
23This means that farmers will need to provide some short-
term storage for a few months. This may be accomplished by
the use of dual-purpose buildings such as machine sheds or
cactle sheds for temporary wheat storage. These are "temporary"
for wheat use, but are permanent farm buildings.
34Hall, Thomas and others, op . clt
.. p. 35.
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Thus the volume of harvest movement of wheet to term-
inals (H) Is one of the key factors In determining the
allocation of storage space among the various storage loca-
tions. The value of H may also need to Include wheat which
m ves from dual-purpose farm storage or from country elevators
after the initial harvest movement. The volume of this
expansion in terminal capacity would depend upon the relative
costs at the different locations, and upon the efficiency
of the different locations in performance of the storage
services.
At the present time, the demand for railroad cars far
exceeds the supply. This condition has existed for several
years in varying degrees of intensity, and has resulted In
the construction of country elevator and farm storage space.
The current difficulty is not necessarily a permanent one.
Therefore the current value of II is not be he taken as a
fixed factor in the equation, but should be considered as
subject to change.
VARIABILITY IK PRODUCTION
The effects of weather can result in extreme varlationa
in wheat production from one year to another. There is,
however, much greater stability of production over a wide
geographical area than is true of a limited one. Thus, the
volume of grain stored in terminal elevators is not as great-
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ly affected by these fluctuations in production as is the
country elevator or farm. This permits the operation of a
more stable business at the terminal location, and results
In lover cost per unit and greater efficiency.
The problem of variability can be illustrated b> refer-
ring to the production variability in i'homas, iord, and
Saline counties as compared to the whole state of Kansas.
To compare annual production to the long-time average the
thirty-year average production fcr these areas was calculated.
This average was then divided into the annual production.
This gives a percentage figure »nich may be called an index
of production variability. 25 This index la shown in 'labia 1.
The data in Table 1 illustrate an important character-
istic ofwinter wheat production, it is noted that the
western Kansas counties are very erratic in their production
from year to year. Since this variation is characteristic
of most of the region, it illustrates the difficulty which
would be encountered in locating sufficient storage at the
local shipping point.
25Any series of years could be used to work out this
variability index. The one 'lsed is simple and serves to
illustrate the point.
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Table 1 . Index of variability of wheat production for
three Ka
Kansas.*
-.sas counties and for the state of
(average production for 1920-1949"»
100)
t Thomas ! Ford : Saline Kansas
Year : county ! county s county index
s index
i , _._._
' index
i..
index
:
1920 129 52 103 95
1921 62 73 66 88
1922 98 41 104 82
192S 60 14 69 55
1924 78 141 113 103
1925 84 58 35 53
1926 43 190 109 101
1927 17 54 124 75
1920 80 200 124 114
1929 104 185 79 102
1930 186 97 107 122
1931 144 220 134 165
1932 60 53 86 79
1933 10 10 82 44
1934 27 19 68 55
1935 6 13 52 42
1936 32 40 120 79
1937 39 24 117 104
1938 73 48 81 100
1939 39 20 58 75
1940 48 24 152 83
1941 103 136 124 114
1942 254 212 97 131
1943 167 66 84 95
1944 85 247 104 123
1945 225 126 108 136
1946 202 148 126 140
1947 312 208 123 188
1948 142 172 138 152
1949 91 103 113 100
1
1 roduotion information from The Biennial Reports
of the Kansas State Board of & jr j-cultu're.
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iEHEHAL , ii FACILITIES
There are eight general services which must he per-
formed hy the storage facilities:
The Quality Should Be Maintained
I most important storage service is the maintenance
of quality. In order to fulfill this service, the storage
plant must protect the grain from the weather. This means
that the bins must be water-tight and should keep out snow.
Protection from fire is another factor, and demands atten-
tion. Protection from infestation by weevil and rodents
is another very Important factor. This is one of the mo3t
important and most serious of all quality problems affect-
ing the wheat crop. Rodent damage seems to be of somewhat
lesser importance, but the weevil loss over thj state is
serious. Weevil infestation is a prtblem largely associated
with storage; therefore the storage facilities must be
adapted to the job of controlling weevil in the wheat.
Otherwise they are not adequate to carry out the function of
quality maintenance.
Certain crop years are characterized by wheat which
has a high moisture content. In such years it is very easy
to let the wheat decline in quality. Care must be taken to
see that the grain is turned and properly conditioned. This
30
is Important In the control of audi quality factors as
heat damage and total damage. The storage facility must
have equipment to handle the wheat and prevent this type
of damage.
A final quality problem which is very Important In
grain marketing is the maintenance of high quality through
proper segregation of wheats by variety, protein content,
and grade. It is important to millers that they know the
protein content, variety, and grade of the wheat which they
mill into flour. Therefore it is a necessary part of the
storage function that it bo possible for these quality
separations to be made.
Storage Facilities Should Be Convenient to Transportation
The second general characteristic required of wheat
storage is convenience to transportation facilities. This
is a vary obvious requirement which can cause difficulty
if transportation facilities shift after the grain elevator
has been built. The removal of a railroad line would leave
a grain elevator with no adequate outlet to the terminal
markets. This possibility must be considered in the plan-
ning of storage expansion.
A transportation problem of even greater importance is
that of ready availability to any desired market, in order
to achieve ideal marketability of the stored grain, it should
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be in a position to move to any market, over any trans-
portation system and on the shortest possible notice.
Storage Should Be Convenient for Inspection and Supervision
It has been demonstrated by the history of wheat
marketing that there must be warehouse and elevator in-
spection and supervision. In order to facilitate inspec-
tion the storage plant should be conveniently located. Large,
well-kept elevators are easier to supervise, and are most
satisfactory for effective public warehousing of wheat.
Therefore, wheat storage should rte located at points which
are convenient for Inspection. The expense of Inspection
Increases greatly as the geographic distribution of the
licensed warehouses is increased. Warehouses which store
for public account should be concentrated near large mar-
kets.
Storage Facilities Should Be Available to a Market Center
The coal of all storage Is to move wheat, except that
stored on the farm for use as feed and seed, into commercial
outlets for human food, livestock feed, or industrial uses.
To achieve this end, the wheat should be stored at
points which make it readily accessible to the widest pos-
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sible market. The largest amount of wheat should be
available to the greatest number of buyers to assure the
best market for that wheat. This means that large quanti-
ties of wheat should be aiailable to the trade in order
to supply the best grain for any particular buyers' needs.
This does not imply that all surplus wheat has to be
stored "next door" to the processing plant. On the contrary,
if the market center is well informed about the supply of
wheat, if it has good relations with the country buyers,
and can get good service from the transportation system,
it is possible for the best movement to be from a country
elevator direct to the processor. In such cases the termi-
nal agency could act as an agent in getting buyer and seller
together.
The essential thing is that the wheat be stored at
points where its quantity and quality is well-known to the
trade, and that it is near an efficient, adequate transporta-
tion system.
Storage Facilities Should Serve the Individual Interests
of Producer, Processor, Middleman, and Consumer
The general requirement that storage should serve all
the best interests of these four groups is obviously an
Impossible one. For Instance, it would be possible for
enough storage apace to be built at a country point to hold
all of the wheat grown in the market area. However, the prof-
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itability of such a storage plant would tie questionable
even in above average years, and certainly would not pay
in years of below average crops. Yet this would be in the
interests of the individual farmer who is concerned with
getting his wheat harvested and into an elevator with a
minimum of loss.
It is apparent that a compromise must be worked out
to satisfy these divergent individual Interests. At this
point all of the special interests will be pointed out
and discussed. The compromise between them is left for
discussion at a later point.
Producer Interests . A prims ry need of the producer
is a continuous market for his wheat. Wheat is a seasonal
specialty crop which is produced in a specialized wheat
farming region. Many farmers are highly dependent upon
the sale of their wheat to finance the farming operation
and furnish the family living. Therefore, the farmer needs
a continuous market in order that he may sell all or part
of his crop at any time. Adequate storage facilities will
aid in providing this continuous market.
The individual farmer also needs a market outlet
which will handle all of the grain which he produces.
Ideally, all wheat would be of top quality but this Is not
the actual case. Rain, dry weather, weevil, leaky bins,
and weed seeds are a few of the factors which lower the
quality of wheat which the iarmer offers on the market. This
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lower quality wheat is more difficult to store on the
farm than is good wheat. Therefore, the producer markets
them more quickly, and it is to the interest of the farmer
and the trade in general that this poorer quality wheat he
utilized In some manner. The Importance of storage is even
greater, and the problem of location is even more acute
with the inferior grades. Inferior wheat often requires
special equipment for handling during storage. Care must
he exercised in its location in order that it he efficient-
ly utilized.
The producer has other special interests which are
important in storage construction. These are the need for
a seed supply, a reserve carry-over, wheat for home use,
and space to store wheat for livestock feed.
The seed and carry-over sup .-lies are rather constant
and are practically always located on the producer's farm.
The feed supply presents a different problem. Wheat is
ordinarily not fed to livestock in large quantities due to
the price advantage of the feed grains. There are some
years when this situation changes, and the feeding of wheat
becomes relatively more important. In these years the use
of wheat as livestock feed is Important and would be a
factor In determining the amount of storage needed on the
farm, especially if fed on the farm where produced. In
addition, some wheat is fed to chickens directly from the
bin regardless of price.
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The principal producer needs for storage may be
summarized by stating that storage space should be pro-
vided in adequate quantity at locations which will
provide a continuous market regardless of quality or
quantity. In addition, the individual producer needs to
provide good storage bins which are adequate to hold his
own seed, a carry-over of wheat, and space for any wheat
which is to be fed locally.
Processor Interest . The processors' interests are
quite similar to those of the producer. The need for
a continuous market is also of importance to the processor,
since he must be able to buy any quality or quantity of
wheat at any time. The miller of a "family" flour has
different requirements from those of a miller who sells
bakers" flour. The processor of commercial feeds and
the industrial alcohol producer may be able to use still
other grades of wheat. It is obvious, therefore, that
processors in general need a large and continuous supply
of all types of wheat. T.-is wheat should be stored so that
it will be readily available and stored at the lowest
possible cost.
Merchandiser Interest . The merchandiser or grain
merchant is primarily a handler of papers evidencing title
to wheat. It is his function to bridge the gap between the
producer and the processor. He fills the gap between the
time the farmer wishes to sell his wheat and the time that
the miller or processor wishes to buy that wheat.
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Storage space which serves the middleman's Interest
must meet several requirements. It must be adequate to
handle wheat in large volume; it must be located so that
It can be used near full capacity during most of the year.
It must also be able to handle grain of several qualities
at the same time.
Host of the capital invested in wheat during the time
it is in the middleman's hands is either investment capital
borrowed from banks or speculative capital. This brings
up a point which must be considered when selecting the
location for middleman's storage. This refers to the def-
inite concentrations of such capital which exists near
larger cities. This tends to draw the commercial storage
plants to these points unless the storage point has certain
advantages which will draw the capital to it.
There is one type of middleman who must locate near
the sreat speculative markets. This is the storage elevator
operator who makes a business of storing grain for others.
These men function solely as caretakers of the grain and
allow speculators to assume the risks of ownership.
Consumer Interest . The principal consumer interest In
storage is the effect of storage on price stability and cost
to the consumer. Therefore, it is to the consumer's interest
for storage facilities to be located at points which mini-
mize storage costs, maximize utilization of all qualities of
wheat, and make the moat efficient use of transportation
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facilities.
The effective maintenance of quality in the storage
of carry-over stocks is another point which is of concern
to consumers. It is often advantageous to producers and
others if carry-over of excess wheat is not large or
efficient. However, from the viewpoint of consumers there
is always a loss when carry-over grain is not properly
utilized.
Storage Must Be Located at Points of Capital Concentration
There are a number of other reasons why storage facil-
ities must have large amounts of capital available. First,
it takes a huge amount of money to finance wheat while in
storage. For example on February 24, 1951, there was
approximately 28.3 million bushels of wheat in storage in
pa
Kansas City. Figured at the daily low price for number
2 dark, hard wheat of ,2.41 per bushel, this meant an
investment in wheat of over 68 million dollars. Since much
of this money has to be borrowed from commercial banks it
would require the presence of large banking service to meet
this deraand.
In addition, the speculative nature of wheat ownership
demands special banking service in order to assure sound
24, 1951.
26Data from: Kanaa s City Grain Karket Review . February
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banking practice. Most grain exchan -as require that the
traders who buy and sell both cash wheat and futures
contracts have a certain minimum capital to back up their
transactions, This adds stability and reduces the risk
involved.
The investment in plant facilities for storage is
also very heavy. At present costs, the most commonly
quoted figure is one dollar of construction cost per
bushel of space. This means that a 100,000 bushel elevator
requires an investment of 100 thousand dollars. Loans of
this amount would not be as readily available at points
away from the money centers. It is possible to obtain
such credit by going to the city bank, but problems of
administering and servicing increase the oost of the loan
until the borrower located in the country is at a disad-
vantage relative to a borrower who is building his elevator
near the financial center.
This does not imply that storage will not be built
at a point which has definite advantages as a storage center
but is not one of the great money centers. In such cases
the capital for storage construction will migrate to this
particular storage location.
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Storage of 'Wheat Stabilizes Supply and Demand
Wheat storage at strategic points can aid in stabi-
lizing the supply and demand for wheat and smooths out the
fluctuations in prise which would otherwise exist. The
supply of wheat becomes available in a relatively short
period of time. Although no statistical evidence is avail-
able it is quite evident that storage plays a large part
in overcoming the price variations which would certainly
result if all wheat had to be consumed at harvest. It is
also likely that the demand factors act in a more deliberate
and efficient manner due to the presence of storage facili-
ties. This is probably the result of a greater feeling of
confidence which prevails in the market when there is
known to be an adequate supply of wheat.
An important service which acts to balance supply and
demand is the presence of an accurate market reporting
service which makes the location and size of wheat in
storage common knowledge. The accuracy of such information
is related in a practical way to wheat storage location.
For instance, there is greater accuracy in statistical
enumeration of wheat which is stored in a conveniently
located terminal elevator than if this same wheat is scat-
tered in a hundred different farm bins.
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Storage is Uecessary to Implement Government Programs
Storage of »heat under various governmental control
programs Is one of the common motives for wheat storage.
As is pointed out in the review of literature on the
subject, this phase has received more attention from
writers and theoretical analysts than any other phase of
the storage problem. The reasons for this are obvious,
since government policies have come to play such an important
part in wheat storage. Such plans as the "ever-normal"
granary and the present price support program make extensive
use of storage. The stocks of wheat owned by the Commodity
Credit Corporation and wheat whieh is under loan have been
very important factors in the wheat marketing picture. At
the present time the government is probably one of the
major influences in the wheat market, and has been espe-
cially Important in causing storage expansion. Therefore,
implementing government programs is an important service
of the storage facilities.
Terminal Storage and the Eight Services
Maintain quality . The first service of terminal
storage must be the effective maintenance of quality. The
primary points to be considered are protection from weather,
moisture, insects, heat damage, fire loss, and the separation
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and segregation of different qualities of grain.
The terminal storage plant lias many advantages which
enable it to do an excellent job of maintaining wheat
quality. Chief among them are the economies of large
scale operation. Larger elevators and a greater volume
of grain at terminals make it possible to install grain
driers and special cleaning apparatus at these points.
Such equipment can be utilized most effectively at the
terminal because it is located at a point which handles
grain from a wide area, and is assured of large quantities
of such grain every year. This cuts the per unit charges
against this equipment to a minimum. Other normal condi-
tioning operations which can be performed at a lower cost
in large volume are fumigation, insect control, and the
blending of wheats into useable mixes.
It is also possible thnt better construction la
possible at the terminal than is accomplished at other
points. This is not necessarily a characteristic of termi-
nal storage, but is due to the efficiencies of scale
associated with terminal storage.
Efficient use of labor, especially management, is another
important factor in the maintenance of wheat quality at
terminal points. Accurate figures would be difficult to
obtain, but it is generally accepted in the trade that one
of the greatest reasons for poor quality maintenance at
non-terminal points is the low rate of pay for managers of
non-terminal elevators. This results in lowering in the
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level of management ability which is secured, and increases
the rlBk of storage loss.
C.nvenlence to Transportation . Terminal facilities
naturally fulfill this requirement. They are in larger
cities and are usually served by more ti»n one rail line
and may have additional transportation outlets on waterways,
lakes, and rivers. Their location at strategic transporta-
tion crossroads adds to the usefulness of the space located
at these points.
Inspection and Supervision . Terminal grain storage
is generally easier to supervise and inspect by government
warehouse supervisors than is warehouse space located at
outlying country points. The costs of Inspection are
lower when the warehouse examiner can inspect several
large elevators at a sihgle location than when it is nec-
essary to travel a long distance to inspect the same capa-
city located at many different points. More frequent in-
spections are also possible when less time and money must
be spent on travel. The supervision of warehouses which are
licensed as delivery points for wheat to fulfill futures
contracts is another advantage of terminal elevator space.
Assure a „ ide Market . Grain at a terminal has an
advantage in marketability. Due to their location at the
market center, terminal grain stocks are immediately avail-
able for delivery to grain handlers and processors. This
allows the owners of these stocks to take advantage of short-
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term market fluctuations which change too rapidly for
country shippers. There is also a larger number of
potential buyers at the terminal. This tends to Improve
the competitive selling position of terminally stored
grain.
The breadth of market at the terminal is due to the
greater variety of grain available at that point. Because
the terminal is located at the transportation crossroads,
there is a much greater variety of wheat available at the
terminal than at local country points. This means that
buyers have easy access to all types of grain which are
required to fill their needs.
Meeting Special Interests. The primary function of
terminal storage in serving the producers' Interest is
an indirect one. Terminal storage facilities are often
used indirectly by producers through the medium of ware-
house receipts, which are issued by local elevators on
grain. This is a means whereby farmer-owned wheat can
be stored in the terminal. Another indirect service to
producers is that terminal stores helps provide producers
with a continuous market for their wheat. Without terminal
facilities to handle wheat carry-over stocks, farmers would
not be able to sell wheat at any time they may choose.
Terminal storage is essential to the processor interests.
Mills, feed manufacturers, and industrial users of wheat
need to be able to rely on a steady supply of considerable
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volume In order to assure stability and continuity of
business. The established terminal elevator firm is looked
upon as a reliable source for wheat of a n;iven ^rade and
quality. The presence of the terminal elevator is con-
venient for the processor because he is not required to
scour the producing region for the required type of wheat.
He can rely instead on the specialized ability and services
of the terminal grain movement.
In addition to the grain storage service of the
terminal merchant, there is need for a considerable voluiae
of grain stored on the premises of the processing merchant.
The processor needs this storage space in order to plan his
operations on the basis of a known quantity and quality of
wheat. It is also profitable at times to buy lcrge supplies
of wheat when prices are low and the grain la available at
a more favorable basis. This lends price support to the
market at a time when support is needed.
The grain merchant or middleman Is the principal
owner of terminal grain storage facilities. Such storage
is essential to the type of operation performed by the
middleman who takes title to grain with expectation of profit
on resale. There are other grain buyers who speculate in
suoh grain but do not own any space. Since they hire the
storage space from terminal elevator operators it is also
essential to them. Often the operators of these storage
elevators do not assume any risks of ownership but simply
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operate a warehouse elevator. There are a large number
of combinations possible, but the important point la
that storage space for the actual grain must be available
at the terminal in order that the middleman may operate
effectively.
The principal consumer interest which is served by
wheat storage is that of stabilizing the price level. It
also provides a steady supply of finished products for
consumption. The price stabilizing service of storage is
discussed at a later point.
2a se of Financing Terminal Storage . Viheat in terminal
storage has certain advantages over wheat stored at other
points. The volume of capital investment In grain is very
great. Since such capital is usually borrowed it requires
the services of rather large, specialized banking facilities.
Such banking services are more likely to be available at
terminal locations.
This does not mean that terminal space will be limited
to financial centers. It means rather that large-scale
banking services will be made available for investment In
wheat and wheat storage at terminals in preference to local
country elevators which do not have terminal advantages.
Adjustment of Supply and Demand . Terminal grain stor-
age is no more effective in achieving long-time adjustment
of supply to demand tuan storage located at country and
farm storage points. However, the higher liquidity of term-
46
inal stocks would help eliminate short-term market fluc-
tuation In cases where the farm and country-stored wheat
would be unable to move rapidly enough to correct the
situation.
Another market service of terminal storage is that
it facilitates accurate market reporting of available wheat
stooks. This helps eliminate the possibilities of price
manipulations and "scare" shortages such as were possible
before the development of terminal markets.
Because a terminal is located at a point which receives
grain from a wide producing area, it is possible for the
market to draw supplies from an area which is extensive
enough to avoid crop variations due to local conditions.
This is the problem of local variability in production which
was previously discussed.
The long-run stability of supply at the terminal
improves the stability of wheat prices. It accomplishes
this partly because an organized market is made possible.
A Board of Trade and other formal market organizations take
time to become established and are not likely to become a
part of the market equipment if the wheat supplies on hand
are not adequate to provide a steady market. The long-run
result of such market organizations is the converse of
this. The presence of a reliable market tends to draw
traders and trading opportunities to it. Thus the Immediate
Influence of all supply and demand factors are most likely
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to be felt at an established terminal market, and adequate
storage at the terminal is essential to the provision of
an adequate supply.
Implementing Government Programs . Terminal storage
has the same services to offer government programs that
are available to other interests. The high level of quality
maintenance and availability to transportation to export
outlets are perhaps the major advantages of terminal stor-
age in implementing government storage programs.
If the government policy is concerned with surplus
stocks of wheat, the terminal nay be too fc.r removed from
the producing region to perform the best service at harvest
time. However, the terminals have a place since they can
be used to handle old-crop carry-over supplies, and can thus
relieve the pressure on farm and country elevator storage
in advance of the new-wheat crop. This seems to be one of
the major services of terminal storage under a government
system of price supports and storage of wheat.
The Country Elevator and the Sight Services
The country elevator performs an essential service
when it gathers small lots of wheat into larger lots which
can be most efficiently handled by the marketing system. In
connection with this service there must be a certain amount
of storage space.
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duality Maintenance . The maintenance of quality at
the country elevator Is an individual matter. Success
depends more upon the knowledge, ability, and attitude
of the country operator than upon any other factor. The
effective storage of wheat is an exacting task. This is
especially true if the grain is not in good condition when
received from farmers. It is possible for country elevators
to do ar. excellent job in quality maintenance, and this
is usually not a serious problem.
Poor elevator construction and poor maintenance of
buildings is often found at country shipping points. This
is often the result of the operation of a business which
does not handle the volume of wheat necessary to pay the
costs of maintenance. If the lack of profit Is due to
inefficient management, it may be remedied. However, If
the storage facilities of the local shipping point are
overbuilt it may be best to discontinue the operation.
One of the greatest obstacles to quality maintenance
at a country elevator lies in its limited capacity to seg-
regate the wheat according to quality factors. Most country
elevators are limited in the size and number of their bins.
Hence, they often have difficulty in making adequate separa-
tions of the wheat on the basis of quality variation.
Due to the country elevntor location at outlying points,
they draw most of the grain from a rather limited area. Very
little winter wheat moves to a country elevator from more
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than 20 miles away, and most of it comes from much closer
to the elevator. The net result of this restricted supply-
area is that all the wheat in an area is subject to many
of the same weather and crop conditions. If the harvest
Is unusually wet in a certain area the local elevators of
the region will he receiving a steady run of wet wheat.
This wheat will be difficult to keep in local storage
because of limited handling facilities and the absence of
dry wheat to mix with the damp grain. Therefore, they will
have to move the grain to terminal storage as soon as
possible and leave the country elevator storage space
empty to await the next crop.
Convenience to Transportation . The country elevator
is usually located with reasonable convenience to trans-
portation facilities. They must be convenient to one
railroad and often have access to two railroads. This is
the maximum convenience that can be expected due to the
country elevator's primary function as a concentration
point for wheat. The type of transportation outlet should
be seriously considered in locating an elevator storage at
country points. It is logical to demand better transporta-
tion service and a more certain outlet for a large country
elevator of 200,000 bushels of storage capacity than for a
5,0C0 bushel house which handles and stores very small quanti-
ties of grain.
The recent problem of railcar shortages has been a
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strong argument for the construction of more country
elevator space. This type of storage seems to work out
very well if the country elevstor can remain in the posi-
tion of a warehouse agency. This has been the case in
recent years due to the government sponsored program of
loans through the Co-nodity Credit Corporation, hut could
change if the type of government policy was changed.
Under this program the title to the grain has been
in the name of either the farmer or the Commodity Credit
Corporation. (In any event the Commodity Credit Corporation
has borne the risk of any price change.) The problem is
quite different when viewed in the light of conditions
which would exist without this program. It seems very
likely that the number of farmers who would pay elevator
storage charges on their wheat and bear the risk of price
decline would be substantially lower than the present number
who store on the basis of a purchase agreement and loan
guarantees. This observation is based on the fact that
the present system allows the farmer to receive most of the
cash value of his crop very soon after harvest and to benefit
from late price change without risk. As many farmers need
the money from their crop soon after harvest, it seems
probably that much of the grain now stored would bs sold to
meet operating expense if there was no loan program.
..heat sales by farmers at harvest would shift the stor-
age charges and price risk tc the elevator operator. S^nce
:i
moat of the country elevators do not have the funds to
finance wheat in storage, they will not be able to hold
the wheat in the country even though the space for such
storage is available. Therefore, the need for country
elevator space would decline.
Inspection and Supervision of Country Jlovator Storage .
This is a relatively unimportant consideration and is main-
ly a problem of added expense in providing adequate ware-
house supervision. This factor would, however, be important
due to the difficulties which nay be encountered in securing
legislative appropriations to maintain inspection agencies.
Observation of actual conditions would lead one to the
conclusion that all such agencies operate more efficient-
ly and effectively if they are staffed with a few well
paid personnel. Such groups can be more easily super-
vised and the positions will be filled with better quali-
fied personnel.
Availability to the Market . The marketability is
variable In the case of wheat stored in country elevators.
The geographical location of the elevator and type of
transportation available are important, i'he aggressiveness
and initiative of the Individual operator are also important
factors in determining market availability.
A local buyer has a wide range of opportunities In
selecting the time and plaoe of sale. A large number of
buyers is one of the essential characteristics of a wide
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market. A large number of buyers is not actually present
at the country si ti jlnt, but it is possible for the
local operator to ciaintain contact with a number of term-
inal buyers. 3ood ccverago of mrkefe information is a
means of widening the market of an individual country buyer.
By securing a number of dependable sources of market infor-
mation, the country buyer is in a better position to obtain
the best price for his wheat.
In the physical sense wheat stored in the country is
not as available to the market as wheat in terminal storage.
T-rae consumed in transit and slower co-.nnunication with country
points make it more difficult to secure wheat from country
storage on short notice. Shis keeps country stored wheat
from being as marketable as terminally stored wheat.
Transportation uncertainties are also a j>robleta. Box-
car shortages due to strikes, or diversion of rail cars
to other uses aay cause difficulty in making delivery of
country scored wheat. There have been periods when country
elevator operators could not oontact a sale because of this
uncertainty.
Serving Special Interest . There should be enough
storage at the country elevator to provide a continuous
market for wheat. If a constant market 13 to be maintained
thl3 is a factor of primary importance. The country buyer
should be able to take all qualities and quantities of wheat
when the farmers in his territory wish to sell this wheat.
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An exception to this rule will often exist at harvest
time since it is impractical for country elevators to
take all of the grain offered during the harvest period
in seasons of heavy production. This is one of the limi-
tations which must be placed on the country elevator.
In serving the producers* interests the local elevator
should be conveniently located. iVith the widespread use
of modern farm trucks, the optimum distance from farm to
market is greater than when a team and wagon was used to
haul wheat to market. However, the elevator must still
be at the hub of a good system of farm to market roads.
It is often in the producers interest to have a
choice of elevators available for handling his grain.
This helps eliminate problems of monopoly and price dis-
crimination which may otherwise arise. Such competition
could be provided by more than one elevator at the shipping
point or by an alternative shipping point within a reason-
able distance.
It should be pointed out that the need for competi-
tion does not mean that there must be excess capacity at
the country shipping point, but that the space available
would tend to provide better service if it were divided
amonc several competing elevators.
The country elevators provide an essential service to
processors because they are the local concentration points
which collect wheat from the farmer. This is the primary
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function of such, storage as far as most processors are
concerned. In special cases where an interior mill is
located near an individual country shipping station, it
is advantageous for the mill to be able to collect and
store a large amount of locally produced wheat. In such
cases there is a definite processor gain from country
storage.
Another type of country elevator storage which serves
the processor interests 1b that which is owned and operated
by a milling company. Known as "line" elevators, these
are used as country buying stations to supply the wheat
for the milling and processing operations of the parent
organization.
The grain merchants achieve the greatest gain from
the country elevator because of its use as a concentration
point. There are also many country elevators which are
used by sraln merchants in the same manner as the "line"
elevators previously discussed under mill ownership. Some
of this grain is stored at the country point, but the bulk
is shipped to the terminal for storage or sale. This traces
back to the existing variability In production of wheat.
The consumer gains from country elevators storage in
direct proportion to its contribution to an efficient market-
ing system. The ability of the country elevator to hold
grain in storage until salable lots are collected and then
move this grain to the terminals is of primary Importance
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to the consumer. This is part of the means of achieving
the most efficient market system.
Availability of F inane inf. . One problem of the country
elevator is to secure capital for investment in the wheat.
Most local operators are not able to keep a large portion
of their funds tied up in stored grain, since the amount
of money involved is large. For example, 25,000 bushels
of wheat in a local elevator, walued at two dollars per
bushel, would mean an investment of 50 thousand dollars.
At 6 per cent interest on the investment this amount of
stored grain would cost ,.1500 over a 6 month period.
There would also be risks of price fluctuations. The
proper use of a futures hedge can protect the operator
against ordinary price fluctuations, however, if the wheat
commands a premium on the market this premium is not pro-
tected by a hedge. In this case the elevator operator is
forced to bear the price risk without any real protection
from the hedge.
Many local banks are unable to make large loans on
wheat in storage because the loans are too large. Banker
interest may be hard to arouse in storage wheat, since it
is somewhat speculative in nature. Thus loans for storage
are quite different from loans which allow elevator operators
to finance their regular buying operations by means of dis-
counted bills of lading.
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The conclusion is that there is often too much market
risk at the country point3. The holders of risk capital
tend to locate at terminals where the risks are minimized.
Thus there la little speculative holding of wheat at country
elevators.
The situation is somewhat the same for capital invest-
ment in storage facilities. Current estimates place the
cost of a storage plant at aho ut one dollar per bushel of
space. 27 rhus a 50,000 bushel elevator would mean an in-
vestment of 50 thousand dollars, To gain a minimum return
of two per cent on this investment would mean that storage
returns must be 1*1, 000 per year in order to pay interest
on the investment. If we assume that he receives one cent
per bushel per month storage, and keeps the house filled
all year the total returns would be *.6,000 per year. Using
the current buying margin of five cents per bushel to cover
operating expenses, interest, and profits would leave ,3,500
to apply on the repayment of a loan. This means that fourteen
years would be required to pay off a 100 per cent loan under
conditions of 100 per cent filled capacity on a year round
basis.
However, this is the most favorable outlook possible.
If the elevator were used at only 50 per cent capacity the
t7Thls is an approximation based on informal talks with
elevator operators. A lower (or higher) cost would reduce
(or raise) the time needed to repay loans for such construction.
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time required to repay the loan would double. Thus the
amount of storage capacities in relation to the normal
volume of grain handled is very important in determining
the soundness of investment in elevator facilities.
Supply and Demand Adjustment . The country elevator
occupies a key place In the adjustment of supply and demand
for wheat. For example, if the price of wheat rises
significantly, it will cause a number of farmers to sell
wheat which had been in farm storage. The country elevator
buys this wheat and ships it to the terminal market. Thus
is an essential link in the chain from the producer to the
central market. This service of the country elevators makes
it necessary that storage capacity should always be avail-
able at the country elevator.
Country elevator storage is not so well adapted to
meeting short-run supply and demand adjustments. This is
due to the time-lag which exists in shipping wheat from the
country elevator to the terminal. This factor is robbed
of some of its importance by the use of various types of
contract sales. Such contracts use a discount to cover
the buyer for the added price risk which he assumes while
the wheat is in transit.
It may be concluded that wheat which is stored in a country
elevator possesses a somewhat lower degree of sensitivity to de-
mand conditions which are in Inverse ratio to the distance between
the elevator and the terminal market. The elevator closer to
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the terminal market has a smaller disadvantage than an
elevator w.iieh Is further from the terminal.
Implementing Government ?ro;;rasia . Most of the govern-
ment programs concerning wheat have used the country elevator
to fulfill two functions. First, it acts as a concentration
point for the wheat involved in the government program.
Second, there has been an increasing tendency for the country
elevator to supply storage for fclie jovernaent owned stocks
of wheat.
Jotal country elevator capacity has been steadily
increasing, but the capacity available on July 1 for the
new crop wheat has been declining in Kansas. Por example,
the total bulk storage in Kansas increased from 142 million
bushels in 1948 to 174 million bushels in 1950. This was
an increase of over 32 million bushels in commercial stor-
age capacity. On the other hand, the space available for
the new crop on June 1, has declined from 100 million bushels
in 1948 to 71 million bushels in 1950 or a decline of over
29 million bushels. 28 Much of this trend has been due to
the storage of increasingly large stocks of wheat owned by
the Commodity Credit Corporation.
The problem of providing adequate rail transportation
at harvest is currently serious. Until this problem is solved
28Data supplied by the Kansas State Agricultural
Statistician, Topeka, Kansas.
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the location of apace at country elevator points to
liandle the government wheat Is a better location than
the terminal elevator.
Farm Storage and the Sight Services
Quality maintenance of wheat in farm storage is a very
complex problem. The effectiveness of quality maintenance
varies widely from year to year, and the variation between
farmers is even greater. The factor of Individual responsi-
bility is most important in affecting quality maintenance
on the farm.
Regular treatment for weevil, good maintenance of
bins, control of rodents, and careful selection of wheat
to be stored are the most important considerations In good
quality maintenance. The success of the farmer in maintain-
ing his stored wheat In good quality depend* upon the appli-
cation of these principles.
Huoh wheat is damaged in farm storage through failure
to observe these fundamental considerations. The combine
has undoubtedly contributed to the problem of quality main-
tenance. Weevil are probably encouraged by the binning of
combine-harvested grain which has too high moisture content
for storage. Binning of damp wheat can cause the ^rain to
heat which results in heat damage and germ-damaged kernels.
In conclusion it seems there is room for improvement on the
so
average farm, nevertheless the quality loss in farm stor-
age la not necessarily a dominant factor, but Is one which
can bs solved with proper 'attention.
Convenience to Transportation . Farm storage should be
convenient to the available transportation. Ciood farm to
market roads are an Important factor in making farm storage
usable to the best advantage. Ihis Is an unavoidable weak-
ness of much farm storage since there are times when
roads are impassable. This makes It Impossible for the
farmer to move the wheat In order to take advantage of a
favorable market. This problem varies with the individual
farm and cannot be generalized.
There is another phase of transportation convenience
which maj outweigh this inconvenience in selling. At
harvest time there is a large amount of wheat available to
country elevators. The pressure often becomes so acute
that trucks stand in line for hours before being unloaded,
and they sometimes find the elevator filled so that no more
wheat can be accepted. Under such conditions the farmer
has to provide farm storage for the wheat. Such storage
may be either permanent or temporary, but he must provide
some type of storage.
Another transportation problem causes many farmers to
store wheat on the farm at harvest. This problem is the
relative efficiency of storage locations as they affect the
harvesting operation. The distance to town may be too great
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for truck* to haul the wheat directly to the elevator and
return to the field in time to receive the next dump of
wheat, or it may be that too much time is spent by waiting
to unload at the elevator. Both delays will reduce the
speed of the harvest and raise the harvesting expense. These
problems make many farmers feel that it is more efficient
to provide wheat storage on the farm than it is to haul
directly to the elevator.
Inspection and Supervision . This factor is not of
particular significance to the farm storage problem. There
Is little chance that it would have importance, since each
farmer is storing only his own wheat. The exception to
this would be storage of government stocks under some type
of price support program.
Market Availability . The market availability of farm
stored wheat is not as great as at other points. Individual
initiative on the part of the farmer is necessary in assur-
ing the best outlet for his wheat. The use which the farmer
makes of market information is an important factor in deter-
mining returns to the farmer. Competition between country
elevators is also an important Influence upon the price
received by farmers.
From the standpoint of physical availability, farm
stored wheat is the most inaccessible of all storage stocks.
Transportation delays and the time-lag which accompanies
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the receipt of trade Information by every farmer makes the
movement of farm stored wheat relatively slow process. It
must be borne in mind, however, that only a part of the total
crop need be on the open market at any one time. Therefore,
this lower degree of market availability is not too impor-
tant.
Serving Special Inter .sta . The basic producer needs
which can only be satisfied by farm storage of wheat are
space for seed, feed, emergency carry-over, and home use.
These needs are basic but there are other factors which make
it necessary for the producers to store wheat in excess of
these needs. Most important is the transportation problem
at harvest time which was previously considered, quality
variation between farms may be another factor which would
allow an individual farmer to gain from storing wheat on the
farm. In the past farmers with high protein wheat have
occasionally been able to have a protein test made and then
sell the wheat at a better price.
The principal processor gain from farm storage is the
manner in which it restricts the harvest flow of wheat. Farm
storage helps to smooth out the flow, and provides process-
ors with a steady supply of wheat. The quality deterioration
which often takes place on the farm is one of the drawbacks
of farm storage. Millers are often critical of the lack of
attention paid to quality In farm storage. This is the most
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serious processor criticism of farm storage.
Farm storage is most important to the grain merchant
because of the control which it exerts on the flow of wheat
from the farm. The presence of adequate farm storage
relieves the initial harvest-time pressure on the middle-
man, and allows him to make better use of his Storage equip-
ment, labor and sales force.
Farm storage is of greatest importance to consumers
because it helps control the fluctuations in market supply.
This is accomplished by restricting the flow at harvest.
Thus the amount of farm storage which will result in the
most efficient marketing system is of greatest interest
to the consumer.
Availability of Capital . The problem of financing
wheat which is rtored on the farm is important in limiting
the amount of wheat held in farm storage. In the absence
of a government loan program, the financial situation of
the farm operator is a strong factor In determining how
much grain he can store on the farm. The unavailability of
bank oredlt has been a factor in limiting the farm storage
of wheat, ihis factor should not provide too great an
obstacle over a long period of years as it should be possible
to develop specialized credit facilities which would meet the
needs of the farmer.
The cost of constructing adequate storage facilities
is another financial barrier to farm storage of wheat. In
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times of very high construction costs, this is an important
factor, liov.ever, the costs of construction at all points
will usually move in the same direction, thus farm storage
construction would he no more objectionable in high-cost
periods than any other type of storage construction. There-
fore, the high-cost objection becomes a matter of individual
decision. If farm storage is preferable (in all other
respects) to storage at other points, and the farmer is
in a financial position to make the investment, it should
be constructed.
The farmer must guard against the danger of over-
building storage space. The amount of permanent space
which will be adequate depends to a great extent upon the
stability of wheat production in the area. Space for a
normal crop is all that can profitably be provided and the
exact amount of space will vary with the individual farm.
Supply and Demand Adjustment. Farm storage of wheat
is useful to the marketing system in the adjustment of
supply to the demand for wheat. A market glut is avoided
through the use of storage on thousands of individual farms.
The seasonality of wheat production makes it impossible for
the marketing machinery to absorb all of this wheat at har-
vest, and the transportation system is unable to provide
transportation for all of the wheat being harvested. There-
fore farm storage is very important for holding the wheat
until transportation is available. Because of the short-term
J5
storage required for most wheat, it behooves the farmer
to provide this space at the least possible cost. The
use of dual-purpose farm buildings is one possible means
of meeting this need.
Implementing Government .Programs. Farm storage space
has been used in the past for storage of wheat under govern-
ment control. Most of this has been wheat upon which loans
have been made by the government, but the title to the
wheat is still in the hands of the farmers. When title
passes to the government the wheat is removed from farmer
owned storage.
The alms of government policy can vary greatly, but
the usual goals of price supports, or building up a
commodity reserve, can be partially carried out by farm
storage. There is no need to move this wheat away from the
producing region immediately aftar harvest, thus farm stor-
age of jovernment wheat can help relieve the pressure upon
transportation. In this way farm storage would see*i to
have a place. However, the long run problems of maintain-
ing quality, and inspecting and supervising farm stored
wheat would tend to make the use of such storage an ineffi-
cient practice.
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Synthesis of the Three Locations
The three storage locations have been considered at
length, and relative strengths and weakness of all have
been pointed out. The remaining task is to pick out the
storage point (terminal, country elevator, and farm) which
can do the best job of performing the eight storage services.
Terminal Storage , The terminal storage elevator has
a number of significant advantages in respect to efficiency
in performing the storage services, quality can be more
effectively maintained at t. e terminal than at the other
points. Statistical evidence is lacking, but the grain
trade has more confidence in the ability of the terminal
warehouseman to maintain quality than it has in the country
elevator operator or the farmer. There are a number of
reasons for this which have already been covered in detail
but are listed briefly here.
(1) The terminal has more efficient conditioning
equipment.
(2) The terminal elevator can handle stored wheat at
a lower per unit cost, due to larger volume of wheat and
economies of scale.
(3) Storage of wheat is a technical operation which
requires careful supervision and frequent inspection by skill-
ed work . .
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(4) The terminal storage company can more easily
afford the expert supervision necessary to maintain quality.
(5) Terminal storage is best equiped to segregate
wheat according to grades.
The over-all transportability of wheat in terminal
storage is superior to that of the other points. Since
terminals are located at the huh of a number of rail lines,
the terminal has a ready outlet to all consuming centers.
The terminal elevator is also most convenient for
inspection and supervision as required to carry out the pro-
visions of state warehousing laws. The widespread use of
marketing by 3rade also makes it necessary that wheat be
inspected, and the terminal is the best point for such
inspection.
Wheat in terminal s tora^e has a strong advantage of
marketability over all other positions. This is due to
a combination of the following factors.
(1) Superior quality maintenance enhances the market-
ability of the wheat.
(2) Host wheat stored at a terminal Is stored on a
graded basis and cau be sold with greater certainty.
(3) The terminal is closer to the processing center.
This makes wheat at this point more readily available to
supply an urgent short-term demand.
(4) The number of buyers at the terminals is greater
and provides a better Lia.r~.Qt.
68
The usefulness of terminal storage In serving the
special interests of producers, processors, middlemen,
and consumers is a matter of degree, and varies consider-
ably with the special Interests of the individual being
considered. Storage of wheat la necessary ot all three
points if the best interests of all are to be served.
Terminal wheat storage is necessary to the special interests
of both processors and middlemen. The processor needs the
specialized mixing, speculation, and availability of supply
which Is provided by terminal storage, and the middlemen
who perform these special functions will naturally need
terminal storage space.
The terminal location also has an advantage in the
availability of capital for investment in wheat and in the
storage facilities. The large volume of short-term credit
necessary to finance wheat ownership is usually more readily
available at the terminal. The reasons for the preference
for terminal s torage by the banking business are summarized
29in the following statement.
A request by a large cooperative market-
ing group for financing to hold wheat in
country storage was refused by Chicago banks.
Grounds for this refusal were as follows:
29
Essroger, C.V., The Function of the Country and City
Banker in Market inp grain . One of a series of talks on
"9rain and its Marketing" prepared by the Association of
Grain Commission Merchants, Chicago, Illinois, February 1,
1934.
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(1) The Chicago banks sere not familiar
with the warehousing laws oi' the several states.
(2) The banks were already indirectly
financing much of the wheat through terminal
houses.
(3) These terminal houses were necessarily
better risks than the country houses. This was
especially true from the insurance and security
standpoint.
(4) It might be physically Impossible to
move country stored wheat to market in large
volume.
(5) The wheat was not in a position to be
fully hedged.
Terminal storage is also the best position at which
to s tore grain so as to stabilize short-run supply and
demand. In the long-run the total effect of supply and
demand would balance out. However, weather, transporta-
tion, and psychological conditions of the market can be
such toot wheat from country points could not move to
the niarket rapidly enough to balance the short-run supply
and de.Kand for wheat.
These are the principal storage services which are
best served by terminal wheat storage. The eight general
storage servioes are all fulfilled in part by the use of
terminal storage. In the interests of an efficient market-
ing system a large portion of the grain storage should be
located at the terminals. However, there are some services
which can be accomplished by use cf storage at other points.
The next step is to consider these services and the reasons
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why they can better be accomplished at the other locations.
Country Elevator Storage . The ability of the country
elevator to maintain quality is the first service to be
examined in relation to terminal and farm storage, quality
can be maintained satisfactorily in a country elevator. The
primary controlling factors are the carefulness of the
operator, the quality of the local wheat crop, and the con-
dition of the elevator building. If all three are at a
high level, there should be no fear concerning the main-
tenance of the quality of the wheat.
It is one of the limitations of elevator storage that
one or all of these factors may not be of top quality. Poor
elevator condition and poor operator responsibility are
often due to limits on business size which are Imposed by
the volume of wheat handled. Many country elevator oper-
ators are not highly paid, thus a man who is a good man-
ager can better his income by moving to some other position.
The small volume of business also often makes it difficult
to maintain the physical plant In a state of good repair.
The solution to this difficulty might be the expansion
in the size of the country elevator so that It would be a
more efficient storage unit. This expansion would be use-
ful up to a point where the local elevator is still able to
achieve a large enough turnover to make the business profit-
able. The expansion would bring a number of problems which
must be carefully considered. The first problem is the
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quality of the local crop. The area served by a country
elevator is usually limited so that a wet harvest, or
disease infestation will affect a large portion of the
crop handled by any individual elevator. When such seasons
occur, it is often impossible to keep the wheat in country
elevator storage for long periods. Since the price of
this wheat is low relative to that of good wheat, the
storage charges for the same operations are relatively
higher than for good wheat, and the total cost is also in-
creased because of extra handling. This makes it difficult
to store such wheat economically at the country elevator.
The greatest service of country elevator storage is
that of concentrating wheat into carload lots and placing
it on the transportation network. The country elevator
has an indispensible place in the performance this service.
The essential nature of this service imposes a bottom limit
on the size of any country elevator, and the number of
elevators need to be limited so that each receives enough
wheat for a profitable annual turnover of wheat.
The country elevators can serve some of the special
Interests of producers, processors, merchants, and consumers.
The constant market afforded by the country elevator is
probably its greatest service to wheat producers. Another
service which can be effectively performed is that of wheat
storage for the farmer. This is no monopoly of the country
elevator since the same service can be provided by a term-
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inal elevator acting through the local elevator. Ilonever,
many farmers tend to prefer that the wheat he In local
storage.
The principal processor interest served by country
elevator storage is the collection of wheat into convenient
sized lots and shipping it to the market center or to the
processing plant. Country elevator space also helps relieve
the market pressure of the newly harvested crop.
Serving the middlemens' Interest with country elevator
storage will vary considerably with the nature of the ser-
vice performed. Country elevator storage is, of course,
essential to the Interests of the grain buyers who operate
the country elevators. The service to middlemen who
perform other functions such as speculation, commission
selling, and merchandising is the same as that provided the
processor.
The consumer Interest in the country elevator is much
the same as the consumer interest in the other locations.
The principal consumer service of country elevator storage
is to help provide an orderly, efficient marketing service.
Adjustment of supply and demand for wheat is also
aided by country elevator storage of wheat. The country
elevator has a definite part to play in providing long-run
adjustment since the country elevator is the point where
the market demand for wheat and the primary source of supply
are brought together.
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Farm Storage . Farm storage has the most difficulty
In maintaining the quality of wheat. However, maintenance
of quality is possible if the basic rules of good storage
practice are followed. These are:
(1) Wheat should be protected from the weather.
(2) Viheat should have proper moisture content if it
is placed in fan- storage.
(3) Care should be taken to keep from mixing wheat
of different qualities.
(4) Treatment for weevil should be prompt and adequate.
If these basic rules are followed, there is no reason why
the farmer cannot do a good job of maintaining wheat qualily
in farm storage.
Farm storage has its greatest advantage in serving
the best interests of producers, processors, consumers,
and middlemen. The principal service to producers is pro-
viding the farmer with space to s tore a reserve for seed,
feed, home use and emergency carry-over. This amount of
space is the minimum necessary for farm storage.
The second service to producers is an outgrowth of
the modern mechanized harvest. The speed of wheat harvest
releases a flood of grain in a few days' time, and it is
impractical to expect the wheat marketing system to absorb
the flow immediately. Therefore, some wheat needs to be
held in farm storage until the rush has subsided. The dollar
advantage of storage on the farm is often difficult to show,
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but whan the choice is between storing on the farm or doing
without storage then the advantages of i'arm storage become
evident.
The gain to merchants and processors is also evident.
Due to transportation limitations and the limited capacity
of handling equipment at terminals, the wheat cannot move
immediately from the farm to the terminal. Therefore, farm
storage is very useful in providing stability In the market-
ing system. This is useful to the merohants and processors
because it enables them to stabilize their business operations
on a year-round basis,
These limitations on storage at terminal and country
elevator points make a clear case for farm storage of a
sizeable portion of the aheat crop. The risks of storage
by farmers may be such that farmers would like to transfer
them; however, the demand side of the market (processors
and middlemen) cannot be expected to bear all of this risk.
Thus, the producer must expect to bear a portion of the
ownership risks of the wheat crop.
In summarizing the three points of storage, we may
say that the terminal has these points in its favor (1)
superior quality maintenance, (2) ease of inspection and
supervision, (3) satisfaction of certain special interests
of producers, processors, consumers, and middlemen, (4)
greatest availability to sources of investment credit, and
(5) performance of certain essential functions in the adjust-
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mont of supply and demand.
The country elevator is superior as a concentration
point on the transportation system. It supplies the re-
quirements of certain special interests of producers and
middlemen. Finally, it is a vital link in supply and demand
adjustment.
Farm storage provides its best service in holding the
harvest rush of wheat off the market until the market
facilities are able to handle it. This is essential in
serving to balance sup .ly and demand in the most efficient
manner. Space must be available for feed, seed, hone use,
and reserve carry-over.
The final dncision on location of government owned
or controlled wheat rests on slightly different grounds
than those discussed above. The main difference is thnt
the marketability of this wheat is not as important. Thi«
makes maintenance of quality the first consideration, and
as has been pointed out, this can be achieved at all three
locations if proper precautions are observed. However, the
economies of scale would give an advantage to large storage
units whether located at terminals or at country shipping
points. It is also Important that these elevator facilities
are not confused with elevator space which is erected for
commercial grain handling purposes.
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APPLICAXl . - tOHAOE S .oATIOH TO THiS
AGGREGATE UNITED STATES fellSAT CROP
The economic model for storage location as presented
in Fig. 2 shows the genera 1 relationship between the
various storage locations. We will now test this model
on data for the United States wheat crop for the 20-year
period from 1926 to 1947. These data are presented to
show the annual amounts of total storage capacity needed
as determined by applying the equations.
The Total Storage Equation
The total storage needed is determined by the equation
S= A + C. (This can also be stated S = T + S + 0.) Table-
2 shows the annual amounts of total storage needed in the
United States as determined by this equation. This cal-
culation indicates that the lower limit on total storage
capacity needed would have been 772 million bushels in
1936, and the maximum storage capacity needed would have
been 1,600 million bushels in 1942. The average total
capacity for the 20-year period was 1,146 million bushels.
Permanent facilities, based upon these calculations
for an average year, would have been used to 80 per cent
capacity in 13 of the 20 years and in 14 of the 20 year* the
United States would have had enough total storage to handle
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Table 2. Total storage equation applied to the United
States wheat crop for 1328-1947.
Year
Carryover stocks"
1929
1329
1330
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
19.13
1944
1345
1946,
13471
On-f'arm
(C 2 )
19,588
45,106
60,216
37,867
93,769
82,882
62,516
44,339
43,988
21,851
58,857
88,016
79,572
86,675
162,722
189,574
103,622
87,7^3
41,606
40,477
OlT-1'Hrir.
(Ci)
Total"
(0)
Total pro-
duo tlon3 ( A)
(A + C)
Thousands of bushels
92,784
183,267
228,663
275,421
281,704
295,057
211,790
102,369
97,700
80,626
94,250
161,999
200,149
298,058
468,053
429,323
212,933
191,477
58,482
4*,3M
112,372
228,373
288,879
313,288
375,473
577,939
274,306
146,708
141,688
102,477
153,107
250,015
279,721
384,733
630,775
618,897
316,555
279,180
100,088
83,813
914,373
824,183
886,522
941,540
756,307
552,215
526,052
628,227
629,880
873,914
919,913
741,210
814,646
941,970
969,381
343,813
1,060,111
1,108,224
1,153,046
1,367,186
1,026,745
1,052,556
1,175,401
1,254,828
1,131,780
930,154
800,358
774,935
771,568
976,391
1,073,020
991,225
1,094,367
1,326,703
1,600,156
1,462,710
1,376,666
1,367,404
1,253,134
1,450,999
Av-
erage 72,547 200,372 272,919 872,636 1,145,555
-1938, table 12,
1
.
:>rellnlnary»
"^Calculated from Agricultural Statistics-
and Agricultural Statistics—1948, table 15.
S-rhe Aheat Situation, Bureau of Agricultural aconoaUcs,
U.S. Department of Agriculture, January 1951, p. 20, and
March 1937, p. 24.
78
all of the wheat crop. If we assume that the farmers of
the United States are capable of absorbing a ten per cent
excess ov_r average production, the deficit would have
been serious in only 5 of the 20 years. The obvioua
conclusion, therefore, is that more storage space Is need-
ed once in e very four years than would be provided under
the conditions of the equation based on average production
for the years from 1926 to 1947. S0
The Terminal Equation
We now will apply the terminal s torage equation to
this historical series to ascertain the requirements for
storage facilities of this type. An approximation of the
harvest moveaent of United States wheat for the 20-year
period was secured from data on monthly marketings of
wheat by farmers for July and August. The annual needs
for terminal storage based on the equation (1 = 0^+ H)
are shown in Table 3. The top limit may be set by the
maximum figure of 660 million bushels required in 1942,
and the minimum can be placed at the 307 million bushels
required in 1935. The 20-year average of terminal storage
space required is 470 million bushels. The average value
of T, would be adequate in 10 of the 20 years for which
50Any series of years may be used in the equation, and
any type of adjustments for trends in production may be used
in this equation. The average was used since it serves to
illustrate the method with a minimum amount of complications.
Table 3. Terminal storage equation
applied to the United States
wheat crop for 1928-1947.
(000 bu.)
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Year | Off-farn
2 : *=r
I
Harvest^ • (Ci+H)
(0X) | sales(H)
!
1928 92,784 286,607 379,391
1929 183,267 323,618 506,885
1930 228,653 296,268 524,931
1931 275,421 308,349 583,770
1932 281,704 202,751 484,455
1933 295,057 164,717 459,774
1934 211,790 164,898 376,688
1935 102,369 204,298 306,667
1936 97,700 232,899 350,599
1937 80,626 310,458 391,084
1938 94,250 302,076 396,326
1939 161,999 210,466 372,465
1940 200,149 225,148 425,297
1941 298,058 283,167 581,225
1942 468,053 191,705 659,758
1943 429,323 190,224 619,547
1944 212,933 309,415 522,348
1945 191,477 385,428 576,905
19<:6 58,482 321,386 379,868
19471 43,336 478,608 522,004
Av-
erage 200,372 269,627 469,999
^Preliminary.
Calculated from Agricultural Stat-
istics—1938, Sable 12, and 1948, Table 15.
Calculated from Agricultural Stat-
istics—1940, Table 10, and Feed Stat-
istlcs--1950, Table 45.
recorda were compiled. Inspection of the data in Table 3
show that the shortage would have been serious in all of
the recent years except 1946. This indicates that perhaps
the figure should be revised upward to Include this trend.
The Country Elevator Equation
The equation for country elevator storage E = R(A — N)
is tested on the same series of data. The annual needs
for country elevator storage based on this equation are
shown in Table 4.
It would appear that the most important value to the
elevator operator is the value of the turnover ration which
is represented by R. In our Illustration we will use the
value 1/5 to equal R. This is based on the following
statement made by Oreen and Rucker regarding capacity turn-
over.
Eighty-nine per cent of the elevators handle
a volume of grain equal to 6 or more times their
capacities. Therefore, a capacity turnover of 6
to 10 times was considered a reasonable standard
performance over a period of years. Twenty-six
per cent of the low-income elevators failed to
meet the reasonable standard of six-times turn-
over. None of the medium income group failed to
reach this standard. Only 10 per cent of the high-
income group fell short of a six-times turnover,
and these were large storage elevators, where wheat
is held for considerable periods, so that a turn-
over of three to four times under such methods of
operation is a reasonable standard. 31
313reen, R.M., and Rucker, V.M. Marketing Problems of
Farmers Elevators in Kansas . Kansas Agric. Experience
Station, Extension circular 106. December 1934,
Table 4. Country elevator storage equation applied to
the United States wheat crop for 1928-1947.
(000 bu.).
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Year
t
: Produc-
: tlonMA)
:
» Farm
: needs2 (:.)
:
: (A — h)
t
: C. Elev.
: cap. (.0
1928
1929
914,373
024,103
138,992
142,676
775,381
681,507
155,076
136,301
1930
1931
1932
1989
1934
886,522
941,540
756,307
56ft£8U
526,052
238,074
253,776
206,073
147,772
166,060
648,448
687,764
550,234
404,443
359,992
129,690
137,553
110,047
80,889
71,998
1935
1936
1937
1330
1939
620,227
629,680
873,914
919,913
741,210
177,372
200,066
212,171
216,650
172,899
450,855
429,814
,743
703,263
568,311
90,171
85,963
132,349
140,653
113,.362
1940
1941
1941
1948
1944
814,846
941,970
969,381
843,813
1,060,111
103,739
176,635
366,310
584,526
302,344
630,907
765,335
603,071
259,287
677,767
126,181
153,067
120,614
51,857
135,5^3
1945
1J4G
19473
1,108,224
1,153,046
1,367,186
379,009
261,902
271,934
728,315
091.114
1,095,252
145,663
178,223
219,050
Av-
•M c 872,636 243,996 628,640 125,728
1 2
* Tb* Wheat Situation, Bureau of Agri. Eoonomlcs;
U.S. Dent, of Agrl., January 1951, p. 20, & March 1937, o. 24.
•>Prellalnary.
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A study made in Minnesota la. 1925 determined that the
average relationship of elevator capacity to volume of grain
handled was 4.7 bushels handled for each bushel of elevator
capacity. 32 The value of 1/5 Is used merely as an approxi-
mation of this figure since no recent studies are available.
The factor A in our equation has been determined; the
remaining value to be calculated to determine country elevator
storage is the farm needs for feeding on the home farm, seed
and home use (N). The approximate total of this value may
be determined by adding the amounts used for feed ar.d seed
as shown in statistics prepared by the United States Depart-
ment of Agriculture. 33
The annual needs for country elevator storage based on
the equation [E = 1/5 (A— llj are shown in Table 4. The max-
imum value of S was found to be 219 million bushels required
in 1947, and the minimum value of E was 72 million bushels
required in 1934. The 20-year average of country elevator
space required was 126 million bushels. These figures may
be used as a guide in establishing the amount of total stor-
age space needed for wheat at the country elevators in the
United States.
32 izger, H., and Price, H.B. Economic Aspects of Local
Elevator Operation . Minnesota Bulletin 251, April 1929, p. 25.
•'•'Thi's may be *-oo high since part of the wheat fed la
handled by terminal storage before it is used in commercial
feeds.
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The Farm Storage Equation
The farm storage equation [p= (C2 + A) - (H + Ej| Is
also tested on the same series of years. The annual needs
for farm storage based on this equation are shown In Table
5.
The maximum storage needed on farms was approximately
820 million bushels in 1942, and the minimum storage needed
was approximately 352 million bushels in 1934. The 20-year
average of farm storage space required was about 550 million
bushels. This would have been adequate in 13 of the 20 years
studied.
Summary . The storage equation has been tested on the
actual data covering United States production, carryover,
harvest shipments, and farm utilization of the wheat crop
over a 20-year period. The maximum, minimum and average
quantities at each location have been determined and are
presented in Table 6.
THE STORAGE EQUATION APPLIED TO A TERMISAL
The equation for terminal storage can be illustrated by
applying it to an actual terminal. The application of the
equation (T=H+ C^) is illustrated by using data compiled
on receipts of wheat and July 1 carryover for a 20-year
period at the Kansas City terminal.
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Table 5. Farm storage equation applied to
the United States wheat crop for
1926-1947. (000 bu. 1
Year u + cy
•
(H+ E) : Farm stor-
: : : ase (0)
1928 933,961 441,683 492,278
1929 869,289 459,919 409,370
1930 946,738 425,958 520,780
1931 979,407 445,902 533,505
1932 850,075 312,798 537,278
1933 635,097 245,606 389,491
1934 588,568 236,896 351,672
1935 672,566 294,469 378,097
1936 673,868 318,862 355,006
1937 895,765 442,807 452,958
1938 978,770 442,729 536,041
1939 823,226 324,128 505,098
1940 894,218 351,329 542,889
1941 1,028,645 436,234 592,411
1942 1,132,103 312,319 819,784
1943 1,033,387 242,081 791,306
1944 1,163,733 444,968 718,765
1945 1,195,927 531,091 664,836
1946 1,194,652 499,309 695,043
1947 1,407,663 697,718 709,945
Av-m c 945,183 395,355 549,828
Data taken from Tables 2 , 3, and 4.
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Table 6. Limits on wheat storage capacity needed for the
United States wheat crop, (bu.)
Location : Minimum
:
: Average
r
: Maximum
Terminal 306,667,000 469,999,000 659,758,000
Country Elevator 71,998,000 143,180,720 219,050,000
Farm 351,672,000 601,634,000 819,784,000
Total1 730,337,000 1,216,513,720 1,698,592,000
It should be noted that the totals for maximum and
minimum do not agree with those determined by the total
storage equation. This is due to 'canceling out 1 of extremes
in the total equation.
The application of the equation to this data la presented
in Table 7. On the baals of this illustration the minimum
terminal needs at Kansas City for the year 1946 was approxi-
mately 31 million bushels. The maximum terminal space needed
was in the year 1948 when approximately 54 million bushels
of space was needed. Thla gives the range of terminal space
at Kansas City on the basis of past records on wheat handled.
The average capacity needed was approximately 45 million bushels
for the 20-year period. This is probably slightly lower than
the normal amount which should he constructed, but is useful
as a basis of determining the exact needs.
The total terminal space actually at Kansas City in 1949
was slightly over 61 million bushels. 34 Since a large portion
34 The I.'orthwestern lilller-1950, Almanack II umber ; the
Killer Publishing Company, Minneapolis, Minnesota.
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Table 7. Terminal storage equation applied to Kansas
City for 1931-1950. (000 bu.)
:
!
: (H) (Cl) : Total
Year July-Aug, :
receipts^ :
:
July-Aug. : Net re- July 1
stocks^
: space
shipments* : oeipts
:
:(Ci+H)
1931 55,045 34,051 20,994 23,757 44,751
1932 24,930 9,785 15,145 37,524 52,669
1933 14,070 6,476 7,594 36,287 43,881
1934 17,509 6,514 10,995 25,616 36,611
1935 25,789 4,720 21,069 5,567 26,636
1936 36,652 9,355 27,297 3,363 30,660
1937 63,308 15,517 47,791 1,097 48,888
1938 56,734 12,726 •14,058 4,225 48,283
1939 36,960 13,659 23,301 18,970 42,271
1940 44,408 15,864 30,544 20,609 51,153
1941 32,689 9,725 22,964 22,698 45,662
1942 30,111 13,460 16,651 31,839 48,490
1943 49,101 27,508 21,593 21,550 43,113
1944 55,244 13,361 41,883 8,292 50,175
1945 64,156 18,125 46,031 7,319 53,350
1946 50,986 24,441 26,545 4,010 30,555
1947 89,568 27,753 61,805 417 62,222
1948 73,069 27,727 45,342 8,936 54,278
1949 38,747 17,806 20,941 25,634 46,575
1950 44,797 23,829 20,968 27,145 48,113
Av-
erage 28,675 16,743 45,418
•'Compiled from the Kansas City Doard 3f Trade
Yearbot>ka.
2Compiled from the Kansas City Oraln uarket Review.
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of this space would be used for other grains the value arrived
at by using the formula does not seen unreasonable.
This illustration shows the method which can be used to
apply the ternlnal storage equation to the needs of a particular
terminal. However, in addition to the application of the
equation to current data there are other decisions which must
be made concerning future terminal needs. The size of the
market area, the variability of wheat production within that
area, and the type of competition which exists between the
different terminals are important factors to consider in arriv-
ing at a decision on this question.
In addition, there are certain factors which act in the
long run to cause shifts in terminal storage location. These
are (1) the trend in population shifts within the county,
(2) the railroad freight rate structure for wheat and flour
shipments, (3) shifts In export outlets, and (4) shifts In
production areas. The future is difficult to forecast but
certain trends can be noted.
The Effect of Population Changes
The trends in population growth and shifts In the areas
of population concentration have an important long run In-
fluence on the marketing of wheat. The marketing system with
terminal markets and milling centers to the east of the pro-
38
duction areas lies on a line from the centers of population
to the center of production.
However, shifts In population concentrations and
internal migration have been such that the center of pop-
ulation has been shifting steadily westward. Thus the out-
let for an Increasing amount of wheat has moved closer to
the production area. The net incr ase In population by 1975
will be greater for the Pacific coast and the southern states
than for the older areas of high total population. 35 The
most rapid population Increases will probably take place In
the Pacific coast region, the East North Central, and the
South Atlantic atates. The slowest increase will be in the
New England area and the West North Central states.
The possibility of Midwestern wheat moving to the Pacific
coast states is not great, Dut there could be some movement
(especially of finished products) if the population of the
area expanded greatly, and the freight rates were revised.
Another possible result of the expanded population of this
area might be the reduction of exports from the V^est Coast
wheat producing areas. This may leave export markets avail-
able for shipments of Kansas wheat from ports of the Gulf of
Mexico to importing countries which are now served by the Pa-
35
Hagood, Margret J. Prospects for Regional Distribution
of the Population of the United ::tatas U.S.D.A. mimeographed
release, November 1949.
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clflc Coast wheat producer.
The rapid population increase taking place In the
southern sections of the United States should also tend to
shift some Midwestern wheat to a more southerly route of
distribution. These factors (coupled with local population
increases) tend to increase the importance of the terminal
points which are located closer to the production areas.
The Effect of Trends In Production
The past thirty years have shown a definite shift in
the production centers for wheat in the United States. An
article, in The Wichita Magazine, July, 1929, describes the
history of the shift from the spring wheat areas to Kansas.
The rapid expansion in Kansas wheat production and the gen-
eral recognition of the superiority of Kansas wheat for mill-
ing purposes caused many mills to send buyers into the area
in the early 1920's.
In a general way, however, buying the wheat
here and milling it elsewhere is not considered
an economic practice, and the trend is to bring
the mills closer to the wheat. This has been
the tre:id since the industry began.
^
6
Part of this shift was due to the decline in wheat pro-
duction in the spring wheat areas. This decline resulted
36nThe Milling Industry Moves Southwest", T-_e Wichita
Ka/'azlne , i.ichita: The Wichita, Kansas Chamber of Co erce.
JuSy 1929.
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from the pressure for alternative land uses to produce crops
which yield a higher Income per acre under intensive culti-
vation. Another cause was probably the efficient production
techniques of large scale farming which were adapted only
to the Southwest.
The expansion of production has stimulated the building
of terminal elevator space at points closer to the new center
of production. Kansas City is still the dominant market for
Southwestern wheat, but its importance is being undermined
by such places as Wichita, Hutchinson, Salina in Kansas, and
Enid, Oklahoma. The increased volume of production the
western areas has made it profitable to establish terminal
storage closer to the producing area. This development saves
time and expense in transporting the crop, and helps relieve
the rail-yard congestion at harvest.
Certain observations can be made about the future of
the production centers. It seems that the center of pro-
duction is not likely to shift to any considerable extent
because of the semi-desert nature of the land farther to the
west. On the other hand, rising land values and increasing
competition for land use will prohibit the shift of wheat
production to eastern sections of the United States. Thus
future production will continue to concentrate the present
wheat belt unless production methods change.
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The Effect of Size and Type of the Market Area
The limiting factors on the amount of expansion at any
of the interior points are the size of the market area, the
variability of production within that area, and the exist-
ing freight rate structure. The terminal markets are of the
type known as buying markets. They are the markets which
collect goods from the producing areas and re-ship them to
the consuming and processing centers.
The ideal type of terminal market situation is illustrat-
ed by the following diagram of two markets designated as
A and B. If other costs are the 3ame at both markets and the
I
Fig. 3. Division of the market area
between two markets.
transportation charges are the same, the line CO will mark
the boundary between them because the price which they are
able to offer for wheat will be equal. On the other hand, if
the costs of transportation to A are greater than to B the
boundary will shift to the line 0, Likewise, if the reverse
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Is true the line JK will mark the boundary between markets.
The same sort of reasoning would apply to changes in hand-
ling costs which will make one market more expensive than
the other.
These rules will also apply to the outlet markets of
these two terminals. If the coats of shipping from A to
the outlet were greater than the costs from B to the outlet,
the market for B would be enlarged to the line EP. Thus, if
the two markets are to be kept on an equal basis they must
have the same costs for shipping and receiving grain. If
this la not true one will gain an advantage and become a
relatively better place in which to store wheat.
The flow of wheat in the United States
affords a good illustration of these principles,
whether Kansas grain, for instance, moves south
to the Gulf for export, or north and oast to
important interior markets, will depend upon the
freight rate adjustment and the prlcea of grain
In the various markets. 37
The existing freight rate structure Is important in
determining the effectiveness of storage at different term-
inals. For example, the transportation charges from term-
inal A to processing center X may be 52 cents per cwt. (See
Pig. 4). In contrast the rate from terminal B to X may be
only 50 cents per cwt. Thus, if wheat from the producing
area (Y) could move at the same rate (20 cents per cwt.) to
^'Locklln, D.P., Economics of Transportation , Business
Publications, Inc., Chicago, 1935 p. 129.
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both A and B, the preferred terminal would be B because of
2 cents lower total transportation charge from Y to X. This
is because buyers located at B would be able to pay more in
the country, draw the wheat to B, and ship to X for the same
price as A. 38
Terminals
A.
rocessing
Center
Pig. 4. The effect of freight rates on two different
terminal locations, A and B.
The 3ffect of Other Factors
Some minor factors which could make a terminal a pref-
erable storage location are those peculiar to tiie business
which is contemplating expansion, or to the costs of operation
at the terminal location. The type of ownership, the type of
30A detailed discussion of this point may be studied in
"Jconorucs Transportation by D.?. Locklln, Chapter 24.
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market outlets, and the relationship of the terminal firm
to the country elevators of the area could have a definite
effect upon the decision to build at a certain terminal.
For example, a line elevator may have difficulty in drawing
grain from a territory if there are a large number of success-
ful cooperative elevators operating in that territory. Ob-
viously this would keep certain private companies out of this
area. On the other hand, it would be the ideal location
for a regional cooperative to expand its terminal space.
toother example would be a terminal house which spe-
cialized in merchandising high-quality milling wheat. If
the market area under consideration was noted for production
of poor milling wheat this firm may not desire to make the
changes necessary to handle this wheat successfully.
There are, also, a number of relatively minor points
which could cause changes in the plans of a terminal elevator
company. Among them are comparative real estate costs, taxes,
cost of publio utilities, and the availability of labor.
In going back to the equation for terminal storage space
(r - Cj_ + H) it appears that the relationship between two
terminals for the storage of wheat will rest on their differ-
ing ability to increase the value of harvest movement to term-
inals (H) at the expense of the other or of a third terminal.
There may also be opportunity for competition among elevators
to carry the bulk of the off-farm carryover wheat (03.).
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Therefore, the terminal which can assign the largest
values to C^ and H in relation to the long-time average
production will be the most advantageous point for construct-
ing new storage space.
THE STORAGE EQUATION APPLIED TO A CGUHTRY ELEVATOR
The application of the country elevator equation can be
Illustrated with a case study of two Kansas shipping points.
Shipping point Z is located in northwestern Kansas and
shipping point Y is located in southwestern Kansas. These
elevator locations were selected because both are served
by only one railroad and are centrally located in their
respective counties. This makes it possible to correlate
the available county production data with the amount of
wheat handled by these shipping points.
The actual carlot shipments of wheat from each point
were used as the basis of determining the volume of wheat
handled, (See Tsble 8). This should be approximately equal
to the value (A— N) in the equation. It was determined that
the correlation coefficient of wheat shipments to count,
production at Z gave a value for r of .73, and the value for
r at Y was .75. This figure Indicates a reasonable correlation
between the shipments of wheat and the county production.
Thus a major part of the variation in shipments .from these
two points is assumed to be the result of production variability.
The annual shipments from these points was divided by
the 1949 capacity of these shipping points to illustrate
the variability, of H (the turnover ratio) over a series of
years. 39
It was determined that 80 thousand of the 125 thousand
bushels total capacity at Z could be charged to wheat use.
On the same basis 188 thousand of the 225 thousand bushels
total capacity at Y were allotted to wheat use. 40 Table 8
shows the results obtained when the present capacity and
the calculated capacity are compared to actual wheat ship-
ments for the twenty yesr period from 1929 to 1948.
It is not likely that an exactly similar sorles of
years will again be experienced, but it does seem reason-
able that the same general pattern will be repeated. It
is apparent that the turnover ratio more nearly approaches
5 to 1 for the long-run period using the calculated capacity
than when the actual capacity is used.
If we assume that the 5 to 1 ratio is accurate, both Z
and Y have too large a capacity since Z reached this goal
only two times in twenty years and Y reached this goal six
times in twenty years. By comparison, when the reco-.imendad
'^Actual shipments of other grains are not available.
Therefore it will be assumed that the same proportion of
county production of corn, sorghums, and barley were handled
as the proportion of wheat handled at these two points. This
amount was then subtracted from the total existing capacity.
40'£his capacity is ten per cent over the 20-year average
in order to approximate the normal capacity.
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Table 8. The ratio of actua] and calculated anr ual wheat.,
shipments to the storage capacity at Z and I.*
—
: Shiomen
t
s
2 (Bu.) Ratio of capacity to shipments
:
: Z i Y Z : Y
: Cal- : : Cal-
Year • : Actual :culated :Actual : culated
1929 186,620 1,751,040 2.33 4.44 9.31 12.97
1930 337,900 1,014,120 4.23 8.04 5.39 7.51
1931 175,280 1,957,620 2.19 4.17 10,41 14.50
1932 99,200 245,705 1.24 2.36 1.31 1.82
1933 36,720 71,070 .46 .87 .38 .53
1934 4,605 82,150 .06 .11 .44 .61
1935 1,510 36,600 .02 .04 .19 .27
1936 69,525 170,040 .87 1.65 .90 1.26
1937 34,540 101,440 .43 .82 .54 .75
1938 148,050 143,100 1.85 3.51 .76 1.06
1939 22,120 111,300 .28 .52 .59 .82
1940 33,180 456,170 .42 .79 2.43 3.38
1941 278,800 477,620 3.48 6.64 2.54 3.53
1942 287,180 393,880 3.60 6.84 2.10 2.91
1943 302,750 583,100 3.78 7.21 3.10 t.Sl
1944 111,800 1,097,820 1.40 2.66 ....'-: 8.13
IS o 321,480 649,985 4.02 7.65 3.46 :. i
1945 705,200 857,325 8.81 16.79 4.56 6.35
1947 429,525 1,127,520 5.38 10.23 6.00 8.35
1948 245,660 959,750 3.07 5.84 5.11 7.11
The actual capacity is 80 thousand bushel 9 at Z, and
188 thousand bushels at Y. rhe capacity calculated by using
the e quation for country ele yator ca pacity (T = 1/5(A -- N)
la 4£ thousand bushels at Z, and 135 thousand b jshels at Y.
2Data on shipments were secured from the records of the
Kansa s State Agricultural Statistician, Topeka, Kansas •
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capacity was used the 6 to 1 ratio was reached at Z in 8 of
the 20 years, and at Y in 7 of the 20 years.
This illustrates the procedure which should be adopted
in testing the capacity needs of a particular shipping point.
Sach elevator operator would need to determine his own
value for R and the volume of wheat (A— N) which he can
expect to handle. The optimum value of R depends to a
jreat extent on the fixed and variable costs of operation,
and upon the amount of income which can oe received from stor-
age of wheat.
Costs of construction are an important portion of the
fixed costs. This makes it necessary for the country elevator
operator to guard against being over-supplied with storage
capacity.
Special Problems of the Country Slevator
There is a trend in transportation which is causing a
shift in the market areas of country elevators. The develop-
ment of motor transportation from the farm to market has in-
creased the distance which farmers will travel in hauling
wheat to market. This has had the effect of enlarging the
market area for certain elevators at the expense of other
elevetors. This tendency is more often noticed in the post-
harvest movement of wheat. When the farmer has more time he
tends to market more wheat at a shipping point which can pro-
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vide services in addition to wheat buying. Commercial feeds,
minerals, and gasoline are frequently sold by the elevator
operator in an effort to meet this demand. However, the
elevator which is located at a larger town has many advantages
which are not available at the smaller shipping points.
It seems likely that the future will bring a reduction
in total elevator numbers and an increase in the size of each
individual elevator which remains. The trend may be illustrated
by the use of a diagram (Fig. 5). The present situation Is
illustrated as embracing three elevators at A, B, and C.
I' II' II
Fig. 5. Competition among local elevators.
The three elevators are serving equal markets which are
bounded by the lines I and II. Assume that elevators A and C
have advantages in providing supplimental services, and are
served by better farm-to-market roads than those leading to
B. This will cause the boundaries between the markets to
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shift to a new equilibrium at I 1 and II*. (Fig. 5) Phis
would severely restrict the market area of elevator B and it
may be forced out of existence. This trend must be con-
sidered in expanding elevator facilities, since it may be a
justification for expanding the capacity of a favorably
situated elevator to a greater extent than is indicated by
the history of wheat receipts at that elevator.
There are a number of organizational problems which may
also affect the final decision on storage expansion at a
particular country shipping point. The type of organization
considering expansion will have sn important effect, since the
attitude of the farmers toward the business may vary. For
example, a cooperative may be able to expand in size in one
area where it would be Impossible for a line elevator to in-
crease its size. The opposite situation may be true in
another area.
The personality and reputation of the manager is
another important factor. A manager who is well-liked
and trusted will be much better equipped to expand his busi-
ness than one who Is not respected in the community. Other
local differences are rent, taxes, and the available labor
supply. All of these factors are Important in determining
the values of A and R In the general equation E=H(A-H).
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THE STORAGE EQUATION APPLIED TO A FARM
The general equation for farm storage [0 = (C2 + A) —
(H + E~j] can be applied by a farmer In deciding how much
storage space to provide on his farm. Each farmer has a
good idea of how much wheat is usually on hand at harvest
time. This makes it possible for him to establish the value
of Cp for his farm.
In the same manner, the normal crop (A) can be estimated
with better accuracy when the individual farm is considered
separately. One method of determining the value of A is to
calculate the longtime average yield and multiply this figure
by the number of acres of wheat which he expects to plant.
It may be that the long-time average yield would be too low,
or too high, and should be adjusted to fit changing conditions
of production. This would be especially true if the farm
was being cultivated with the use of better farming methods
than had been used in the past. New wheat varieties and more
efficient harvesting methods could also be reason for an
upward revision in the yield figure used.
The harvest movement of wheat from any individual farm
could vary greatly from the average of the county or from the
adjoining farms. There are a large number of factors which
could affect the volume of the harvest movement for any one
-
r '.
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The distance from the farm to market la one of the
important factors. In general, the farmer who is located
the greatest distance from the market will have the most
need for storage facilities on the farm. However, there
are many seoondary factors which tend to cause exceptions to
this general rule. Among them are the presence (or absence)
of a good market road, the amount and quality of the labor
force, and the quality of the grain to be stored.
The type and availability cf labor is a factor which
has an important Influence upon the farmers decision regarding
the disposition of his wheat. Cne farmer may be using only
family labor during harvest, and may have no one who is
able to drive a truck on the public highway. This farmer
would feel inclined to store a Larger proportion of his
wheat crop on the farm.
An example of the opposite case is a situation where a
farmer hires a 'custom' combine crew to harvest his wheat
crop. If the contract includes a charge for trucking the
wheat to some storage point it may be Just as economical for
the farmer to have the wheat hauled to the elevator. This
will be important in determining the amount of storage space
needed on the farm.
Another Important factor affecting the amount of farm
storage is the amount of country elevator space (S) which is
available to the farmer. If the farmer can move a large
part of his wheat crop into a country elevator at harvest time,
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the need for farm storage will tend to diminish. This factor
can be determined with the greatest accuracy possible by
relying upon the past experience of the individual farmer.
The general equation for farm storage is applied to a
hypothetical set of figures to illustrate the manner in
which it would be used by a farmer to determine the amount
of storage space needed.
If It is assumed that a farmer, Mr. X, normally plants
640 acres of wheat, and that he does not plan to use any
other crops in the future, but will continue to plant this
acreage of wheat. The value of the normal crop (A) can then
be determined by multiplying his normal yield by 640, which
is the number of acrea. If the normal yield is 12 bushels
per acre the value of A will be 7680 bushels. Further assume
that the amount of carryover (Cg) is 200 bushels. Then the
first term of the equation will be (200-1- 7680) or 7880 bushels
of wheat.
Assume further that he is able to move one-half of the
average crop to the country elevator during harvest. This
would be equal to the second term of the equation. Thus the
second term (H + E) would be 3840 bushels. Substituting the
figures in the equation for farm storage we have:
= (C2 + A) - (H + J:), or
= 7BS0 - 3840 =• 4040 bushels.
This hypothetical case illustrates the manner in which
the storage needs for an individual farm can be determined.
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THE EFFECT ON STORAGE REQUIREMENTS OF A CHANGE
IN THE VARIABIE FACTORS
The general storage equation and tho storage location
equations have been presented In detail. It is now time to
.jive some consideration to the variable factors which affect
storage volume and storage location. This section is devoted
to a study of how such changes can affect the total storage
needs a3 well as the needs at the different storage locations.
Reference to Fig. 1 shows the interaction of the major
factors tfilch affect the need for wheat storage. The effects
of an assumed change in one of these factors will be traced
to determine its ultimate effect on total storage (S) and the
effect en any particular storage location. This is done to
illustrate the general nature of the equations as developed
in the theoretical model. It shows the overall adaptation
of the theory to changing conditions.
In order to illustrate the effects of a change in one
of the variables, we will assume that an educational cam-
paign to make farmers more aware of quality maintenance has
resulted in a definite increase in the quality of the wheat
marketed from storage on the farm. All other things being
equal, farmers would have less financial risk involved in
their farm stored wheat. This would affect farm carryover
(C2), since the farmers may have a tendency to take more of
the speculative risks on price changes. The quality maintenance
advantages of off-farm storage would be diminished. This would
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result In an increase in C2 and a decrease in Ci« Farm
carryover (C2) nay also be increased because of declining
storage losses on the farm which would increase the amount
carried on the farm. In this section we have now assumed
that there will be an increase in Cg and a decrease in Cj
because of the improved farm storage situation.
Let C be the new total carryover which would result;
let C4 be the increased amount of farm carryover; and C3 be
the lower amount of off-farm carryover. Then if we assume
that the increase from Cg to C4 is greater than the decrease
from Ci to C3 the new amount of total carryover (C) is greater
than the old total carryover (C).
The effects of the improved farm storage efficiency on
the normal crop (A) would be difficult to predict. (See
Fig. 1) It could make wheat production relatively more
profitable for the farmer, but would not be likely to cause
any material increase in the production of wheat since the
actual production would be determined by other factors. We
may assume, therefore, that there would be no increase in
the value of A. Since total carryover is at a new higher
level (C) this would mean that the total supply of wheat (Y)
would increase by the amount equal to C minus C. If the
new value of Y is Y» , then the new equation for total supply
of wheat isj
Y» = A -4- C«.
The effect of a decrease in C^ on the terminal equation
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would mean a net decrease in the amount of terminal storage
(T), since there is no reason to expect any increase in the
amount of harvest movement (H)» (The terminal equation is
T = I! + C^) There may even he a decline in H as the farmers
gain confidence in their ability to maintain quality on the
farm. We will assume, however, that the value of H will
remain constant in this ca3e. Then if we let T' be the
increased volume of terminal storage, and C3 be the decreased
volume of off-farm carryover, the equation will read as follows:
T« = C5 + H.
The country elevator storage apace (E) will probably
remain rather constant since the total annual volume of wheat
handled by the elevator would not change. However, there
nay be a drop in the volume of the harvest rush o± marketing.
Thi* would allow the country elevator to achieve a better
distribution of wheat shipments over the year, and would allow
a lower ratio of capacity to annual volume of wheat handled
(R). TJiis would increase the opportunity for profit on the
investment in storage facilities without decreasing the use-
fulness of the country elevator.
If we assume that this would hap;. en, then the fractional
value of R would deorease, and cause a decrease in the total
amount of country elevator capacity needed. Therefore, if
we let R» be the new lower figure for R; let the lower ele-
vator capacity be E'; and assume that there is no change in
the farm needs for wheat (N); then the country elevator stor-
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age equation becomes:
E« = R' (A - H).
This means that a smaller amount of country elevator capacity
will be needed for the same size of wheat crop.
The greatest change would be in the amount of farm
storage capacity. The increased site of the farm carryover
from Cg to C4 , and the decrease in country elevator
capacity
to E» would cause an increase in the total amount of farm stor-
age capacity. Let 0» represent the increased amount of farm
storage capacity. The equation for farm storage becomes:
0' = (C4 + A) - (E + E»).
This equation replaces the old one of:
= (C2 + A) - (H+- E).
V/e have found that the assumed change in the storage
service (X5 ) at the farm caused an increase in total carry-
over of wheat (C), and a corresponding increase in the total
supply of wheat (X). The terminal storage capacity declined
as did the capacity needed at the country elevator. These
declines were off-set by an increase in the amount of farm
storage capacity used.
This illustration was purposely kept as simple as possible
in order to illustrate the way in which the theoretical frame-
work can be used to determine the influenoe on wheat storage
of changes in the variable factors. Many detailed studies of
these different variables need to be made in order to determine
the magnitude of their effects on wheat storage. Hhen these
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values are determined more definitely by further research
real progress can be made In solving the storage problems
of the wheat industry.
SUHJfcRT AND COHCLTJSICNS
This study was undertaken to determine the important
factors which affect wheat storage location, and to develop
a theoretical model which would show the relationship of
these factors. The deductive method of analysis was used to
develop this theoretical background for the study.
The total supply of wheat for which permanent storage
facilities should be provided will be equal to Hie normal
crop plus a normal carryover.41 This conclusion is based
on the high overhead costs arising when excess storage capa-
city is maintained in years when wheat production is normal
or below. Therefore, it is not profitable to build permanent
storage facilities to handle maximum crops.
The total supply of wheat is made up of the annual carry-
over and the normal crop. The size of these two terms is
determined by a combination of physical, psychological, and
economic factors which interact in a very complex manner. These
factors, which include psychological expectations, government
41The permanent storage facilitios will Include some
dual-purpose farm storage which is temporarily used for wheat.
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policy, the storage services, production variability, the
state of technology, the demand for wheat, and other econom-
ic factors, are the independent variables which act to
determine the total wheat supply.
The interaction of these variable factors was shown
in this study by the use of implicit equations. These equa-
tions establish the type of relationship which exists but
do not attempt to assign absolute numerical quantities to
any of the variable factors. This method is necessary when
establishing the general relationship among a large number
of unknown factors.
The points at which the supply of wheat can be stored
were grouped under three major headings. These are the
terminal, the country elevator, and the farm. The final
decision on the amount of storage space to be located at
each of these points depends primarily upon two fundamental
considerations—the variability of wheat production and the
ability of the different locations to perform the storage
services.
The terminal has definite advantages with respect to
production variability and effective performance of the stor-
age services. There is less difficulty from variability be-
cause the terminal is located at a greater distance from the
production centers and is thus able to draw wheat from a
wider area. The terminal has an advantage in performance of
the storage services because the larger and more stable volume
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of wheat handled makes it possible to achieve economies of
scale which are not possible at the other storage locations.
The country elevator provides its greatest service by
functioning as a concentration point for wheat. If the
country elevator is to achieve stability of operation it
must limit the amount of storage capacity to that amount
which will allow a profitable ratio of annual volume of
wheat handled to total storage capacity. The numerical size
of the turnover fraction necessary is not known. It will
probably vary with local conditions such as the amount of
wheat stored by the farmers and the marketing methods of
the local farmers.
Farm storage for wheat must be adequate to provide space
for the farm needs and all wheat which cannot move into
commercial channels at harvest time. The farmers should
have permanent space for this portion of the normal crop,
and should also be in a position to provide storage for wheat
in excess of the normal amount.
The amount of wheat which the transportation system
can transport to terminals during the harvest season is one
of the important limiting factors on the amount of storage
capaoity which can be located at the terminals. This is a
limitation which should not be considered as fixed since
changes are always possible.
The applications of the storage equations which were made
in this treatise were used primarily to illustrate their use.
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The model of wheat storage economics, and the series of
equations which were set up provide a frame of reference
to use In determining the wheat storage problems which need
further study. It should also toe useful in applying the
results of past and future empirical studies on the different
phases of wheat storage.
The series of equations to determine the supply of
wheat to be stored, and the location of this storage capacity.
are the tools whiefc i were developed to evaluate and apply
the material Galrie ^ I from wheat storage research. These
equations are the essential portions of this treatise, and
are as follows:
Equations for determining total supply of wheat:
(1) Y = A + C.
(2) c = c l +" c 2*
(3) c x = f(x1 ,x2,x3 ,x4 ,x5 ).
(4) c2 == f(X1,X2,X3 ,X4 ,Ji.5,H).
(5) A = f(P,F).
(6) P = f(v,x6 ).
(7) t = f (A^,Xj,A^,Ay,Ag)
.
Equations for determining storage location:
(1) Y = s.
(2) 3 = T + E + 0.
(S) T - H + 8j»
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(4) S = R(A - H).
(5) = (A + C2 ) - (H + E).
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The purpose of this study is to analyze the economics
of grain storage location. The differences in emphasis on
storage location which have teen expressed In the past Indi-
cate that there is need for an overall th? ory which can be used
as a basis for determining storage needs at the different
points. This analysis was -=ade to provide a logical frame-
work for making such determinations concerning storage loca-
tion.
The theory of grain storage location was developed by
deductive analysis. The theory was applied to wheat, and a
model developed which includes the determination of the vari-
able factors which act to determine the total supply of wheat
which should be stored. These factors are presented in a
series of implicit equations to establish their relationship
to the total supply of wheat.
The supply of wheat for storage was then allocated among
three storage locations—terminal, country elevator, and farm.
The allocation was made according to the relationship of the
three storage locations to the fundamental factors of pro-
duction variability and the performance of storage services.
The relative contributions of the different storage points
were determined on the basis of these two factors.
The decision on the portion of the wheat crop which
should be stored at each point is also presented in a series
of implicit equations. These equations are presented in this
form to show the relationships which exist as determined by
deduction.
She equations for determining storage needs are present-
ed in two groups. First, those which affect the total sup-
ply of wheat are discussed. Second, those which affect the
allocation of the supply of wheat for storage among the three
storage locations are presented.
Determining the Total Supply
Let T be the total supply of wheat; let C he the total
annual carryover; and let A be the normal crop. Then the
equation for the total annual supply of wheat is: 1
(1) Y=A+ C.
The total annual carryover (0) is made up of two terms
representing different lots of wheat. These are off-farm
carryover (C^) and farm carryover (Cg). Then the equation
for the total annual carryover of wheat 1st
(2) 0=0].+ C2 .
The absolute value of Cl is dependent upon the following
group of independent variables. Let Xi be the psychological
expectations concerning the future; let X2 be the size of the
old crop; let X3 be the government policy affecting wheat
storage; let X4 be the other economic factors; let X5 be the
^•Imports of wheat into the United States are not in-
cluded for the following reasons: (1) The United States is
usually a net exporter. (2) The United States Imports most
wheat in seasons when the production peak is past.
storage services; and let f be the functional relationship
among the variable factors. Then the equation for off-farm
carryover is:
(3) C1= f(Ai,X2,X3 ,Jt4,X5 ).
Ihe absolute value of C2 Is dependent upon the same
group of variables as those affecting C\ with the addition
of the farm needs for wher. t. Let N be the farm needs for
wheat. Then the equation for farm carryover is:
(4) C2 = f(A1 ,x2,x3 ,X4 ,X5,il).
The normal crop (A) is made up of two terms pepresenting
different sets of influences. T:ese are the physical factors
(?) and the economic factors (P). Then the equation for the
normal crop is:
(5) A = f(P,F).
The absolute valuo of P is dependont upon two independ-
ent variables. These are production variability (V) and
the effect of technology on wheat production. Lot Xg be the
effect of technology. Then the equation for the physical
factors acting on the normal crop is:
(6) P = f(V,X ; ).
The absolute value of F"ls dependent upon many of the
same variables which determine Ci and C2. These are Xi,X3,
and X4. There are two other variables which affect the value
of F. These are the inelasticity of production, and the
demand for wheat. Let X7 be the Inelasticity of production,
and Xg be the demand for wheat. Then the equation for the
economic factors affecting the normal crop la:
(7) F = f(Xi,X3 ,X4 tX7 ,X8 ).
Required Storage Space
Let S be the total storage space required for wheat.
Thia is equal to the total supply of wheat (Y) j hence:
(1) Y= S. 2
Let T be the terminal storage capacity; let E be the
country elevator capacity; and let be the farm storage
capacity. Then the equation for total storage space
required for wheat is:
(2) S = T + E + 0.
Terminal storage capacity Is determined by two quan-
tities. One is the harvest movement of wheat to the terminals,
and the other is the off-farm carryover of wheat. 3 Let H
be this harvest movement of wheat to terminals, and Ci be the
off-farm carryover. Then the equation for terminal capacity is:
(3) T= H+ Ci.
o
The value of S Includes some farm storage of a dual-
purpoae nature which is temporary only as far as wheat stor-
age use Is concerned.
3The value of H may need to include wheat which moves
out of temporary farm storage to terminals during the first
few months after harrest. This should be considered in the
application of the equations to actual conditions. The
assumption used here is useful as a first approximation, and
is applicable to the available data.
The country elevator storage capacity (S) Is determined
by three different factors. Let A be the normal crop; let
N be the farm needs for wheat which will be used on the farm,
and let R be the ratio of total capacity to annual volume of
wheat handled. Then the equation for country elevator cap-
acity is:
(4) S = R(A- B).
Farm storage capacity is determined by four factors
which have been defined previously. These are the normal
crop (A); the size of the harvest movement to the terminals
(H); the amount of t.-e country elevator space (E); and the
farm carryover (02). Then the equation for farm storage
capacity is:
(5) = <A+ C2 ) - (II + E).
The equations listed abave are the basis of the storage
theory as developed in this treatise. They have been deter-
mined by deductive analysis of the relative Importance of the
various factors which are Involved.
In conclusion, the terminal has definite advantages with
respect to production variability and effective performance
of the storage services. This tends to give the terminal
the dominant position when considering storage expansion.
The ability of the transportation system to move the wheat
to the terminal is a limiting factor on the amount of terminal
storage space. The country elevator provides its greatest
service by acting as a concentration point for wheat produced
by farmers. The amount of country elevator space is limited
by the ratio of annual shipments to storage capacity. Farm
storage must be adequate to provide space for the farm needs
and for all wheat which cannot be moved Into commercial
channels at harvest.
These are the general limitations on the amount of
storage capacity which la necessary at each of the different
locations. These limitations are used as a basis for the
development of the different equations for storage location
and the volume of storage which should be located at these
points. The equations which were developed should be use-
ful in carrying on research in wheat storage economics and
in applying the results to the whole storage problem.
There is also much existing information which can be
applied to the solution of the general problem. Further
research Is needed to establish the absolute value of many
of the terms which were used in the equations. The most
Important of these are the value of H, R, E, and A.
